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THE GAS ENGINE P 



PREFACE. 



It was during the preparation of a series 
of textbooks on the gas engine for the 
International Correspondence Schools, that 
the author was most forcibly impressed 
with the dearth of matter upon American 
practice in this motive power. It is a 
recognized fact that designers on the other 
side of the Atlantic do not follow methods 
.^that meet with the approval of engineers in 
» the United States, yet the only truly valu- 
^ able works on gas-engine design that have 
made their appearance in the English lan- 
^ guage are by English authors. Unhappily, 
v^ the average gas-engine manufacturer in 
this country, guards any information he 
'may possess with the jealousy that is 
scarcely to be explained on ordinary 
grounds. While there are a number of 
good works on steam-engine dt.^\^\i> \>£^R. 
^as engine has been surpnsm^V^ is\e^^^\.^^« 
Although the author does not,m V"^^ ^x^s^^"^ 
work, hope to cover tlie etvt\te ^wV^^^^*^ ' 
gas-engine design lie lias etvCLe^^ox^^ 

• • • 



attnensiona of some of the most s 
American -built engines, and ba 
used by tbe autbor in making up '. 

It has been tbe endeavor, to plac 
the smallest possible compass a nt 
useful rules and bints, that may be 
not only to tbe designer, but 
engineer who has tbe care of ! 
The chapter on testing has bee 
more attention than might perha 
been tbouglit necessary in a boot 
size, but it also covers many points 
iug the calculation of horsepow 
oilier items purposely omitted fj 
other portions of the book. This 
of the work was founded upon the ; 
employed at The Cornell Univerait; 
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teferred to. A part of the riata in the table 
of heat values is from a similar talile i[i 
the work of Mr. Gardner D. Hiscox. TLe 
mecliaDieal tables are from various pocket- 
books and from the works already referred 
to. 

Much that the writer would have desired 
to include in the present work, it has been 
necessary to omit for lack of space. He 
has, therefore, given only such matter as lie 
has judged most useful, and which he lias 
found most frequently the subject of xn- 
quiries in the question and answer columns 
pf the techiiipal papers. 

E. W. ROBERTS. 
Cincinnati, Murch, 1900. 
SECOND EDITION, OCTOBER, 190a 
In this edition all t3-pographical and other 
errors that have been found have been cor- 
rected. It has also been found advisable 
to enlarge the book by the addition of an 
appendix, so as to include some notes on 
two<ycle engines, and especially upon 
their design. For the data on two-cycle 
engines in the appendix, and for nearly all 
lof the notes on this subject, the author is 
idebted to Mr. Harry J, Perkins. The an- 
also wishes to extend his thanks to the 
lany readers of Ihe book ■wVio base Vi^N^fc^ 

w/Ur ti'iDclj- siiggeslions, a WOTotat-c • " 
Kb appear iu tlie uotesm^ile a^V*"^ 
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INTRODOCTOHY. 
The Gas Engine, properly so called, is a 
; of the internal -combustion engine. 
Qts first conception seems to have been by 
e Ahhe Haulefueille, who pniposert a mo- 
T driven by a gunpowder as early as 1678. 
L that lime until 186a many propoai- 
were made and some partially success- 
ngines were built by various experl- 
ers. In the latter year, there were 
plready in existence the gas engines of 
loir and Hugon. but very wasteful of fuel. 
iS5i M. Beau de Rochas, a French en- 
gineer, made the following propositions, 
wbich he embodied in a patent of that date. 
They were as follows : 

I. The largest cylinder capacity with the 
mallest circumferential surface. 
J n. Maximum speed of piston. 
I III. Greatest possible expansion. 
I IV. Highest pressure at the lie^ii'o.wi^ 
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These, he averred, Bhould he the aim of ] 
every gaa-eugine designer to carry out in 
Ilia engine. With the exception of propo- 
sition II, every engine, since the successful 
advent of the Otto engine, has heen de- 
signed vrith these principles in view. Ow- 
ing to certain practical limitations, high 
piston speeds have not been found advisa- 
ble. 

It was M. Beau de Rochas who first pat- 
ented what is popularly known as the 
" Otto Cycle." This cycle requires four 
strokes of the piston for its completion. 
The first stroke draws in the charge of gaa- 
and air, the second stroke compresses the 
charge, on the third stroke ignition tokeft' 
place at the dead point, followed hy eicplo- 
sion of the gaseous mixture and the expan- 
sion of the products of combustion, and on 
the fourth stroke the burnt gases are ex" 
pclled from the cylinder. This series oi, 
operations is that employed by nearly all 
gas engines in use at the present time. 

This cycle was not put into a practical use 

in a working engine until, in the year 1876 

Dr. N. A. Otto brought out the first " OttO 

Cycle " engine, producing a motor which aft' 

far surpassed in economy all engines that 

saperseded it as to drive its coTOpeVitan 

'5wo/ tile ffeld. This cycle of ov.era.Uon \»l 

^caaso (,f its hfittfi first put lulo pxacVi* 



the "OttoCyde," although the creilit of its 
first inception belongs, without ([ueBtion, to 
M. Beau ile Rochas. It is also knowu as a 
four-cycle engine, although this term, to be 
strictly correct, should be four-part cyeie, 
because it consists of the four distinct oper- 
ations just described. Modern writers have 
been placing the credit where it belongs, and 
this series of operations is now generally 
termed the Beau de Rocllas cycle. The au- 
thor, however, prefers the same descriptive 
term, " four-cycle," and as sudl it will be re- 
ferred to throughout tliia work. 

The practical operation of the four-cycle 
engine can be most clearly understood by 
reference to Fig. i, inwhiA a diagramatic 
form of the engine is shown with the indi- 
cator diagram given by the engine placed 
directly above the cylinder. Since it re- 
(|uires two revolutions of the crankshaft K 
to complete the cycle, the principal points 
of the cycle are shown on the two circles 
drawn about the crankshaft as a center. 
Similar poinis upon the diagram, the piston 
travel and the rotation of the crankpin J', 
are indicated by the same letters. The let- 
ters indicating points on the piston travel 
are primed, and those indicating similar 
points on the crank circle have a double, 
prime. TJius, ILe point ot igni\.voii\a \aSv 
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4kted on Ihe diagram by B' on tlit line of 
piston travel, and by B" on tlie crank circle. 
Taking the series of operations in their 
regular order, thej- are as follows ; 

SuctioQ or air from a to A ou the outward 
stroke, compression from A to C on the in- 
ward stroke, ignition taking place at BJust 
before tbe end of the stroke is reached, 
thus giving a " lead " to the ignition which 
should just be sufficient to bring the point 
of maximum pressure D, at the beginning 
of the next outward stroke ; this lead being 
necessary because of a lag in the process of 
ignition, which takes the time required by 
the piston going from B to C to fully in- 
flame the charge of gas and air. Prom D 
to p the piston is passing on a second out- 
ward stroke, the exhaust-valve X opening at 
U. just in time to allow the expansion line D 
F to reach atmospheric pressure at the end 
of the second outward, or expansion, stroke. 
The return stroke takes place from F to a, 
the piston making a second return stroke, 
'giving the products of combustion through 
exhaust-pipe by way of the valve X, 
mpleting the cycle. 
' A modification of the four-cycle engine 
t brought out by its inventor, Mr, Du- 
iJdClerk, intheyear iS8o. In this engine, 
ti auxiliary pump, a power ^Tott 
» obtained for eacK i^soWi^'W "^^ "^^* 




crankshaft. The charge was admitted to 
the engine cylinder under pressure and just 
at the end of the expansion stroke, driving 
the exhaust gases out through ports in the 
Eldea of the cylinder, which were uncovered 
by the piston just at the end of the stroke. 
This arrangement eliminated hoth the suc- 
tion and the exhaust strokes required in 
the regular Beau de Rochas cycle. Clerk's 
engine was the pioneer of what is now 
known as the two-cycle type ; that is, au en- 
gine which completes its cycle in one revo- 
lution of the crankshaft. 

Following the introduction of the Clerk 
engine came a class of engiues-whicli, in- 
stead of having au anxiliary cylinder to 
compress the charge, Ubed for that purpose 
au unclosed crank-chamber. The inward 
stroke of the piston diaws into the crank- 
chamber the charge of gas and air through 
a c heck- valve, and on the outward stroke 
the charge is compressed. Just before the 
piston reaches the end of its stroke its end 
passes an exhaust-port in the side of the 
cylinder, and in some engines a port lead- 
ing to the crank-chamber is passed imme- 
diately afterward. i 

In another type, comtnunication was made 
by means of a poppet valve. The pioneers 
of this type were the Nash and the Day 
eiiffioen. the former used a mechanically 



and tbe latter a 
■litiiler wall. Qi 
numlftrof eiii^ines of the Day tj'pe ai 
Bucct'ssfiil operation at the present tim 

The priiidple of the operatiou of the D 
type of Uie two-cycle engine ia shown i 
Pig. 3, in a similar manner to that of t 
four-cyole engine shown in Fig. i ; the ! 
method of notation as regards letters IjelM 
used in tHis figure, the only difference li 
iiig that where the two crank circles a 
used, the inner one indicates the s 
"liLrnlions taking place in the crank-cliani- 
!'i r, iind the outer indicates the series of 
'■]pfrattons taking place in the cylinder. 
The piston makes au iitward stroke from h 
lr> a. causing a partial vacuum in the crank- 
rlianibtr and drawing the explosive mix- 
ture through the vulvc P. On the following 
outward stroke the mixture in the crunk- 
chnmbcr is compressed to a pressure ti[ 
iihout five pounds to the square inch. As 
the piston uncovers the inlet port S, the 
pressure within the crank-chamher drives n 
portion of its contents into the cylinder C, 
and on the next inward stroke of the piston 
this charge is conipressed, as shown on the 
diagram from A to C, ignition taking place as 
in the four-cycle at B, prt 
the piston making outward stroke,exhaM.'iA.- 
iiigalE,saJ thegaheari;acMu^B.\.\a.iis^'o«Tvt 




pressure again at A, the exhaast-port being 
opened by being uncovered by the piston. 
In the meantime a charge is being drawn 
into the crank-chamber as before, has been 
compressed, and the inlet-port S being un- 
covered immediately after, the contents of 
the crank-chamber rushing through S is 
deflected by means of the plate R on the 
piston to the top of the cylinder, effectu- 
ally driving the products of combustion 
through the port M. Returning to the se- 
ries of operations in the crank-chamber, 
the port S opens just as the piston reaches 
the point E, the pressure immediately drop- 
ping and reaching the pressure of the at- 
mosphere at about the time port S is closed 
by the return of the piston. It is unneces- 
sary to repeat the explanation of the points 
on the diagram taken from the cylinder C , 
as they are in all respects similar to the 
four-cycle engine illustrated in the Fig. i. 

The Clerk engine is no longer built. 
Nearly all two-cycle engines being manufac- 
tured at the present time are built after the 
Day pattern. In the latter part of 1897, a 
new cycle was brought to the attention of 
the public. This cycle comprises the se- 
ries of operations which were the inven- 
tion of Herr Rudolph Diesel, a Gerriian 
scientist. The Diesel cycle is, Wkst ^\sst 
invention of Beau de Rochas, a lo\xT-'^^'t\. 



entire cylinder capacity, the prts 
eild of the stroke being approxi 
pounds per square inch. This 
pression produces a leuipcTaturt 
equal to that produced by Uie c 
of the fuel, and, in cons«qiienc 
milted at the end of this stroki 
i<K ignited as il enters the cylii 
fuel, whether it be gas, oil 
huatible material, is forced 
der at a pressure higher than tht 
by compression, and just i 
about to start on its outward si 
fuel, burning as it enters, keeps 
nlurc of the cylinder contents 
produced by compression. Af 
ton lias reached a point of 
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tnre known aa an UoUw:rm^. f iobiC toB 
expancioD proceeds in a manner similar U 
that in tbe original four-cycle engiae, U 
exhaust- valve opening at D and tbe pre».fl 
>ure inside the cylinder falling to a 
pheric at E. The range of temperataiefl 
from C to D ia mncli greater tfaaii that frontfl 
D to P, in Vig. I, and represents a mncltfl 
higher heat efficiency than that shown o 
tbe diagram of the four-cycle engine. 



Chapter II. 

Mmparison of the three cycles. 
f Tlie four-cycle engine is that most geuet- 
fflj manufactured, Hud it lias the iidvantage 
le two-cycle of being more readily 
coutrolleii. With a properly designed four- 
cycle engine, the behavior of the gases 
within the cylinder is known beforehniid. 
The idle stroke gives the cylinder a chance to 
cool by radiation, no pumps nor enclosed 
crank-chambers are necessary.and any waste 
of fuel may be easily remedied. On the other 
hand, the four-cycle engine must be built in 
large sizes when compared to the power de- 
manded of them, the many idle strokes ne- 
cessitate extremely heavy flywheels and 
make close regulation most diflicult to ob- 
tain. Furthermore, the operation of the 
valves occurs hut once during two revohi- 
I tions of the crankshaft aud necessitates 
^^tome form of reducing motion between the 
^Kenuikshaft and^ the camshaft which operates 
^Hjftc vaivea. 
^^■'The two-cycle engine 15, as a. tuXe, vcio-c«. 



Ihe BUll 
1 fortunately confiueil I 
Imilt by tlesijjners who have au 
knowledge of the Ij-pe, aurl who 
sign Iheir eiigCnes with the prop( 

Time should always be giveu Ih 
gases to fell below the preasui 
crank -chamlier before the inlet-p 
cylinder is uncovered. It ia i 
when running a two-cycle engi 
member that much wore heat 
given off through the cylinder we 
H four-cycle engine of the same [ 
ing the name period, hence the 
jacket water must be greater in coi 

A two-cycle ei\guie will shnt d 
quickly frnm lack of ivJler Ihiin v 



These engines are being better under- 
stood as the makers gather knowledge from 
experience, and the above objections have, 
in several cases, been entirely overcome. 
So many and manifest are the advantages 
of more frequent impulses and less weight, 
both in the engine itself and in the fly- 
wheels, that the adoption of the two-cycle 
type is being seriously considered by a 
number of manufacturers. In fact, the two- 
cycle engine, for large power-units where 
the fuel employed is blast-furnace gas, has 
been in use for some time and found to give 
satisfaction. Instead of having an enclosed 
crank-chamber, these engines are supplied 
with a pump which first drives a volume of 
pure air through the cylinder, clearing it 
entirely of the products of combustion re- 
maining from the previous charge. The 
fresh mixture follows the charge of pure 
air, and none of the fuel is wasted, while the 
clean cylinder increases both the efficiency 
and the capacity of the engine. 

The Diesel motor is not at present upon 
the market in sufficient numbers, nor for a 
length of time, that would make it feasible 
to draw conclusions of any kind with regard 
to the future of the engine. The engine is 
a grand conception theoretically, and the 
heat efficiency is much higher iVvaw \.\v;iS. <^S: 
any heat engine in use. TVve sc\\^\xifc ci.\ 



regulation is aluitlsr to that which has 
proven so successful in high-speed steam 
engines, and it has been shown by actual 
tests that, in practice, the engine surpasses 
any other in economy of fuel, and, besides, 
.a capable of being run with auch iuex- 
pensive fuels as the low-grade petroleums 
classed as fuel oils and selliug in c^uantities 
for from two to three cents per gallon. The 
question therefore remains: will the great 
economy of the motor justify the added ex- 
pense for first cost of the engine? Again, 
there is the question of repairs and the 
durability of the engine under the high 
I pressures which it is necessary to sustain ia 
the cylinder. All this remains to be seen. 



Chapter III. 

GAS-ENGINE FUELS. 

>r driving a gas eugine, the fuels avail 

are all of those which are in use for 

r purposes. Many of these fuels iieeil 

□ be transformed iuto gas before they are 

ailable for the gas engine, but many of 

e liquid aud all of the gaseous fuels may 

I be employed directly in the cylinder with- 

I out the necessity of an intermediate proc- 

Tbere is no fuel not in a gaseous 

e already that may iiot be transformed 

Into gas by one of the many processes 

*n to science. The f;arbage gathered 

I the streets of our large c 

e fat from the slaughter-house, the fat 

tbstracted from wool, as well as all of the 

I'egetable aud mineral oils, have 

one time or another transformed 

bita gas -which could be used to drive a 

l^igine. 

I The amount of power derived from a. 
"n qaaatity of fad is always giea^a^Xs-j a 
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lar.t^e amount when the fuel is first made 
into j^-as and then used to drive a gas en- 
gine, than when the fuel is consumed in the 
firebox of a steam boiler and the power de- 
rived from a steam engine. Even with coal 
as a fuel, if the coal be made into gas and 
the gas used in a gas engine, it is found 
that where the very best steam engines 
give a horsepower for one hour on i^ lbs. 
of coal, the same amount of fuel has given 
in a gas engine 1.8 horsepower for one hour. 

The gas-producer which is required for 
the use of coal in connection with the gas 
engine, is a much simpler device than the 
steam boiler, and requires less attention 
than the latter. There is very little danger 
of explosion with a gas-producer and gas- 
engine power plant, and there is usually a 
supply of gas on hand in the gas-reservoir 
sufficient to permit the engines to be started 
at a moment's notice without the necessity 
of waiting, as when getting up steam for a 
steam engine. 

Fuels which are most difficult to burn 

•jnder a boiler, may be turned into gas in a 

gas-producer. Kven gases which are difii- 

cult to ignite may be used in a gas engine. 

J'>jr instance, the gas produced during the 

process of extruding iron from ort \w \.V. 

^^'ist furnace is at times so poor \\\ ^v^\aV\ 

^^at it may not be used uiuler aA)o\\er,>N>\ 
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when compressed in a gas-engine cylinder 
it is found to ignite readily. 

The value of fuel for use in a gas engine, 
is determined in a great measure by the 
number of heat units produced when a 
quantity of the fuel is burned. There are, 
however, several other considerations, such 
as the pressure derived from the fuel and 
the percent that may be burned in the gas- 
engine cylinder. In the process of making 
gas from fuels a percentage of the heat is 
employed in liberating the gas, and this, of 
course, can not be given account of in the 
gas engine. 

The heat values of the various fuels are 
given in Table i. It will be seen that the 
highest heat value is found in natural gas. 
This is due to the large quantity of marsh 
gas contained in natural gas. The value of 
natural gas as a fuel varies, even when the 
gas is taken frbm wells very close to one 
another. It may be said, however, that the 
natural gas obtained from the wells in west- 
ern Pennsylvania exceeds in heat value that 
of the gas V in the Ohio fields from lo% to 

15%. 

Gasoline, in spite of the low heat value 

per cubic foot of vapor shown in the table, 

will give, for the same size engine, a power 

equal to that derived from the best tia.tut«l 

gsLS, aud the usual custom is lo cx^OaV. ^ascr 



hence a larger quantity of g 
into the cylinder of the 
stroke. 



HKAT VAI^UES OF FUElvS. 



FUEL. 



Hydrogen @ 32° F. . . . 

Carbon 

Carbon monoxide (CO). 
Penn. heavy crude oil . . . 
Caucasian heavy crude oil, 
Caucasian light crude oil, 
Petroleum refuse . . . 

Anthracite gas 

Bituminous gas 

28-candlepO'wer ilium, gas, 
19- 

15- 

New York city water-gas*, 

London coal gas. 

Benzine Cr H^ 



<( 



n 



it 



(( 






Gasoline and its vapor . . 

Ethylene C2 H4 

Marsh gas (Methane) C H4 
Nat gas, Leechburg, Pa., 
Nat. gas, Pittsburg, Pa . . 

Acetylene C2 Hj 

Semi-water gas .... 
Producer gas 



B. T. u. 
per lb. 



62,030 
14,500 

4,396 
20,736 
20,138 
22,027 

19,832 
2,248 

3484 



18,448 
21,900 

21,430 
23,594 



21,492 



B. T. U. 

per cu. ft. 



348 
539 



950 
800 
620 
710.5 Ave 
668 

690 

1,677 
1,051 
1,051 

892 

868 

185 
150 



Note. — The values shown in the above 
table are given on what is deemed good 
authority, but they will not be found to 
agree with all similar tables. 

* Carbureted gaa at 60" F. and at ^o" vialet '^t«LS^>\x^. 
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Chapter IV. 

STARTING AND STOPPING. 

Starting a gas engine is a simple oper- 
ation if a few easily-remembered rules are 
borne in mind. These rules are briefly as 
follows : 

A gas engine will not start itself, like a 
steam engine, and must receive sufficient 
turning power from an outside source to 
enable it to take up its cycle of operations. 

The mixture of fuel and air must not be 
too rich in fuel nor too poor in fuel, for in 
either case an explosive impulse can not 
be obtained. More frequently, trouble oc- 
curs from the mixture being too rich in 
fuel. 

On large engines the compression should 
be relieved and the ignition given a nega- 
tive lead, especially when starting by hand. 

Never attempt to start a gas engine when 
it is connected to a load, unless it has a 
powerful starter. 

The Ignition a2)paratus must be in good- 
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before attempting to start the engine. 

To start a gas engine, it xs always a good 
idea to have a regular order of procedure 
nnrl to stick la this order so as to avoid the 
chanee of coufusiou and of omitting some- 
thing, A good way to proceed is as follows : 

First, oil the engine thoroughly, fining 
every oil-cup, no matter if one or more is 
already nearly full. 

See that the ignition appliance is iu good 
order. If it is a tube igniter, bring the tube 
to the proper temperature (usually a cherry 
red I and see that the flame is at tlie right 
height to keep the tube at the required 
heat. If an electric igniter is used, uufastcn 
Ihe wire from the insulated electrode and 
brush it on some part of the engine to see 
that it gives a good dash. 

If there is a sight plug, it would he well 
to try the igniter while obser\'ing its behav- 
ior through the hole, or it can be tried by 
first pressing the points together by means 
of the igniter mechanism and seeing if 
there is a circuit by drawing the wire al- 
ready removed over the end of the insulated 
electrode, then letting go of the mechanism 
and determining in the same 
before if the circuit is broken. 

If these conditio us are fulfilled, b 
Oje engine is turned over it \s 
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tlie igiiiter-pointa, the 
igniter is iu workiiij^ uriler. 

The ignittr should be examined periodic- 
allj and the points cleaned of anj accumu- 
lation of soot or other foreign matterwhich 
may occur. The frequency of this exami- 
nation depends entirely upon the fuel used, 
and to some extent upon the class of cylin- 
der oil employed. 

After deteriTiiuiug that the igniter is in 
working order, such oil-cups as can not be 
conveniently reached when the engine is 
running should he turned on. 

Next set the startiug-cam to start, or open 
tlie relief-cock, as the case may be, and If 
the engine is fitted with a changeable ig- 
niter, set this also to the starting position, 
or so that it will fire afli'r the crauk lias 
passed the center. 

If the engine is to be started by hand, set 
the gas-valve open to about one third the 
opening used when running; usually at a 
point on the gas-valve dial marked " Start" 
Then turn the engine over iu the running 
direction until it takes up the cycle, i. et, 
until an explosion is obtained. 

Next take hold of the gas-valve handle 

itnmedittiely , and open it gradually to the 

maniaff position as the engine increaaea in 

epeed. Don't be too precipitate H.\io\A.o^ea- 

P'A'' the ^as-valve, as the engme mas ^ 



S and, failing to ignS^^^ 
V down and stop. If it shows sisis of 
tapping, close the valve a little at a time 
Intil it starts receiving impulses again. 
■While opening the gas-valve with one hand, 
r tiie other may be occupied in closing the 
I reliei-cock, or in throwing the starling- 
f. levers to the running position. 

When the engine has reached its full 

l'E|>ecd, the load may be thrown ou, and then 

e remaining oil-caps must be opened and 

e water turned on to the water-jacket. 

1 After the engine has been running a 

lort time, and if the load is very nearly a 

instant one, the water should be turned 

S until the exit water is of a tem- 

e that can just be borne comfortably 

my the hand. 

If the engine is fitted with a starter, the 
|as- valve shouid not be turned on until the 
I'Sngine has made one or two revolutions. 
I The methods of using the starter vary with 
Kthe several types, and their use will be 
Ijexptained in a chapter on that subject. 

'Simply to stop a gas engine, it is neces- 
PlVary to do no more than turn off the fuel. 
1 The order for turning off the oil-cnps. etc, 
I jJiould be about the reverse of starting. 

First tnm off the gas, and if it is desired 
e time in stopping, brake the flywtiee.1 
a plauk. Tien turn oS ttie jaOtcX 



prevent the accumulation of sc 
the jacket, and it takes but little 
habit of draining the cylinder m. 
engine at some time when you " d 
it was going to freeze." 




The proper care of a gas eugilie should 
lie the prifle of every eugineer who runs 
one. Id every shop or factory where a gas 
engine is in use, it should he left in the care 
af one man and that man should he respon- 
sible for the condition of the engine nt all 
times. " K very body's dog is nobody's ilog," 
and SO it is with an engine which is left in 
the care of any man who happens to be 
about at the time it needs attention. Above 
all things keep the engine clean, well oileil 
and with a plentiful supply of water in the 
tank, when a tank is used, or with sufficient 
flow of water when connected to a pressure 
system. 

If the engine is a new one when first re- 
ceived, it is well to determine the exact 
point of the stroke where the ignition takes 
place. This can be done very easily, with 
all electric igniter, by turning the eugine 
over until tile igniter snaps tor \>Te^^^^"n% 
Ihe circuit, and marking the pistovi so ■)£. Vq 
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have a point of reference for future settings 
of the igniter. All igniter mechanisms 
wear more or less, and the mark on the pis- 
ton will avoid the necessity of taking an in- 
dicator diagram to set the igniter. 

If the piston is so situated as to make it 
inconvenient to make a mark upon it, the 
mark may be placed upon the fl3rwheel. To 
mark the flywheel for this purpose, proceed 
in one of the following ways : Turn the en- 
gine over slowly until the igniter just snaps. 
If the engine has been turned too far it will 
be necessary to make a complete revolution 
again in order to be certain that all lost 
motion is taken up. After the fl3rwheel is 
in the right position, drop a plumb-line past 
the center of the crankshaft and mark on 
the rim of the flywheel opposite where the 
line passes it, or level up a straight-edge so 
that it passes the center of the crankshaft 
and mark the flywheel as with the plumb- 
line. It will be more convenient even than 
the above methods, if the flywheel passes 
close to some part of the engine-frame or 
bed, to mark both the wheel and some point 
on a stationary part of the engine. 

A good grade of machine oil should be 

used on the engine bearings, but in the 

cylinder there should always be used an oil 

that is made expressly for this purpose. 

N^ever use the heavy cylinder oWs \.\vaV «lt'> 
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sold for steaaB-tixtpiiK- ryitniitn% or tbl «rij 
soon find itftsal iStsr -jKBUifSBt «» 
choked wnttftitOBC^fini. ^Cht ini y ye: oij 
in a gasr-GBigDntt' rrlhiQeT » i: tiin. mnnt 
ijrhich wiM mctt CKifuniaet- uuucr Ijk Iuqei 
temperatsmKi^ ^iRSfmi in iiatr 
cylinder. Dcm ^ 'finitf tiia: 
engine c^imnaemil costi^ mn- tniM»» nui^ 
as gas-en^:n3it rylmckr' oil i: a- fmr tmn* 
as good. T5ie fetict ini^fOsiH- l^ trnt: J*ir 
an engine ir3::Qi as incicMK-c: crank -ciu^. oi* 
other ^KCsaLl «al if^ Tegmnrc hul li- kikiw^ 
to the trade »f " crank-csMM: oil * Ifniuur- 
oils win cflDzcm -xxrki* lunnK- m tm ifr»Knji^ 
of water aand sofm Ifecmne -pmcti'jrali; ui< 
less as m lh3.1»icaixl. 

It is na4: a ^ni€ practice tv makt ai. oi-Vc* 
sional riatwrna Bdop of the rxnamn ^yaj*=>ctyrrr 
in order to de Mamiin e whetbtrr tiit* ; bavt ai 
accnmnlatioBi ^ cafl»UD ic "tbtr fcim: ir •^nvr. 
With soa»e g«Be« 'flni^ deptysit 6(»tr^ hj: 
amount to a great de&G.. miuit -vriii: t»^D'.•r^ 
the deposit is snc^ as^ 1^> ir iixut i-anst 
sufficient back jwesBirre to maitr^alj; iit- 
crease the power of llie enjtriiit Sri:»i:ji 
the water used for cooling: j:»i:r7ic»«4ef- z-r.^-zZLzr. 
substances that are Idkeiv tc caiis.e l «5t7»c»s:: 
of sediment in the water -i act ti. ibr ;.ac4Lt-i 
should be cleaned occasicniiilly "i v ir.eani- of 
a long iron rod with a hook on "Jb^ ^ti^Sl^ 
similar to a. poker. 
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^^^ nially, paying 

^pHHcolar attention to the exhaust- valve 
to see if it is cutting. If tliej- show the 
least sign of leaking they should be a 
tended to at oiice and ground to a good fit 
to the seat with flour euiery. Never neg- 
'ect a leaty valve, for. once started, the leak 
will increase rapidly in si 
springs frequently to see that they pull the 
valves securely to their s< 
uetcrmined by taking hold of the valve- 
stem and pulling the valve from its seat. The 
resistance to the pull should he a stiff one, 
even at the start, for (ill valves excepting a 
suction inlet. In the case of an inlet-valve 
operated by the suction of the pistoi 
snould respond promptly to the v 
the cylinder, a very small i 
crank past the center causing it to open. 
It should be carefully adjusted so that it 
will seat firmly anil yet respond promptly 
to the vacuum. The gas-valve should also 
receive its share of attention. 

With engines using electric ignition, Qk 
care of the igniter iiiechanisni is one of the 
most important points. Never neglect the 
iguiter. Much of the prejudice against the 
electric igniter is the result of impTli|ier 
care of the ignition apparatus. 
primary cell is used for the battery, a (idl , 
fet ofreuevah slioiild bu- ke\it uii \ia.ud at 



Hpuma and the battery should ie renewed 

■Before it is too weak. 

■ In case an ignition-tube is ei-TployeJ, it 
BpBys at all times to get the best '(.hat can be 
■Jobtaincd. Nickel alloy is much the best 
Bttaterial to employ for this ptvpose, as ; 
B^be made from the alloy will last, witj 
Rordiiiary care, from six to eighteen montts, 
■•ccording to the work the engine has to 
KCerform. Wrought-iroii tnlirs have tc lie 
Bieplaced anywhere from every two days or 
[ ao to every two weeks. The shut-down nec- 
I essary while replacing a tube is annoying, 
L to say the lea^t, and it may cause expensive 
Ldelays. A new tube should be kept in stock 
^Ml all times, and when tubes that last 1mt a 
nhort time are used, it would be well to keep 
Bneveral on hand. 

W Do not keep the tube too hot at any time, 
[' as a high temperature reduces itsstrenglli 
I and makes il wear out so much sooner than 
I it otlierwise would. The proper tempera- 
I tnre to keep the tube is at a briglit cherry, 
I not a white heat. The temperature of tlio 
I tube for ignition, will vary somewiiat willi 
I gBS of different qualities and the engineer 
P^ould determine for himself the h)wesl 
Litem peratu re at which tlie tube will work 
NDccessfully. 

Bi If at any time the engineer has fot^oy-eii 
^k tarn on the Jacket water and tV\fc (tvis™*^ 



begins to throw out volumes of smoke 
through the open end of the cylinder, turn 
on the jacket water, but do so with great 
caution, as, if the cylinder walls are cooled 
too rapidly, the cylinder may contract be- 
Tore the piston has time to do so, and it 
may bind the piston so as to materially 
damage the engine. The cylinder oil-cup 
should also be opened wide at the same 
lime, to give the cylinder an excess of oil 
and ward off the possibility of its binding. 

Feel of the bearings occasionally, and 
keep watch of the sight feed of the oil-cups, 
so that no injury may be done to the engine 
by cutting of the journals. Don't attempt 
to cool an overheated bearing with ice un- 
less you thoroughly understand what you 
are about. You may get an effect the oppo- 
site of that desired, and find that the sudden 
cooling of the outside of the bearing has 
caused it to grip the shaft like a vise. If 
the ice can be applied to the shaft itself so 
as to cause the shaft to contract before 
the surrounding metal, all trouble may be 
averted and the desired effect obtained. 

Examine the governor occasionally to see 
that it is working freely and is not clogged by 
dirt or any foreign matter. The regularity 
ot motion is dependent as much upon the 
sensitiveness of the governing device as 
upon the flywheel. If the governor is a hit- 
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inias, see that the gas-valv 

^mediately apoa Ihe actioii of the rot- 
Nearly all governors of tliis type 
a pick-blatle, and if the gas is not turned 
I sufficiently, the blade will strike or let 
according to its method of operation 
ne time before the engiue will receive 
an impulse, and the consequence is a slow 
iug down of the engine until the mixture 
becomes rich enough to produce an ex- 

I If there is a pet cock on the engine having 
EOm muni cation with the compression space, 
e proper state of the mixtnrp may be de- 
mined by opening the pet cort just at the 
mc of ignition and observing the color of 
lame. If the fiame is an entremely pale 
, the mixture has too little gas and the 
■alve should be opened a little wider, 
L the other band, the flame is tinged 
Wth red, orange or yellow the mixture i = 
o rich. The proper color ol the flame iF 
tdeep blue approaching a violet. Do no; 
lepend for this test upon a pet cock situ 
■ilted close lo the gas-valve op^uing, a^ tbq 
mixture at this point of the i-onipressiot 
jipace is usually much richer m gas than a 



thee 



5, if the euglut 



is especially true of the exhaust- va 
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Chapter VI. 



GAS-ENGINE 

Wliile it is not possible to anlicipalt cv- 
Tj- trouble that may occur in the running 
iT a gas engine, a general outline of sucii 
ttonhlea as are of frequent occurrence, ami 
the remedies that apply in each case, will 
a clew to the solution of those proh- 
nol considered in tliia chapter. 
Failnre to Start. — %ee first that the fnel- 
valve is not open too wide, nor that it has 
iiol been open a small amount for a length 
of time that would allow an excess of gas or 
gasoline to leak into the cylinder. Then 
[examine the igniter. If a tube, see that i,. is 
too cold. If an electric igniter, look it 
r thoroughly as directed in the chapter 
Starling. See if the gas supply is inter- 
rupted in any way. It may not have been 
turned on. In cold weather, a gasoline en- 
gine may fail to start because the gasoliii 



t not vapori; 



In this 



ir-inlet pipe, or /fU the water -jacVeJl. ■W.^i\ 
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weather it is a 
Rood plan to do both. 

Engine Starts, bui with Weak Explo- 
sion. — The igniter may be set too lale, and 
it should be adjusted to ignite just before 
tut engiue reaches the rear dead center on 
the compression stroke. The fuel -valve 
May not be open wide enough. The engine 
may lose compression from various causes. 
One or both of the valves may leak or may 
uot seat itself with sufficient force. The 
starting lever may be still in the starting 
position. The relief-cock may be open. 
The piston may leak, but this is not often 
sufficient to materially affect the power of 
the engine. See that the valve springs are 

Explosions in the Exhaust Passages. — 
The exhaust-valve may leak or may not seat 
properly. The ignition-tube is too colil^or 
the electric spark is weak. The fuel-valve 
may be open too wide, so that, occasionally, 
the mixture in the cylinder is loo rich to take 
fire. The primary cause of this trouble, is 
always the occurrence of unbumed fuel in 
the exhaust passages. 

Engine Slows Down and Finally Stofis. — 
This may be due to overheating of the 
pistpn or the cylinder, because of an insuffi- 
cient supply of water, or insuflicieut oiL Qae, 
ru tnoxe of the bearings ma^ 



notably the crankpin or th*; crvikshaft 
bearings. The engine may be cv^rlorndtd. 
See also the comment under U'^aJk Explo- 
sion above. For the treatment of an over- 
heated cylinder or bearing, read the chapter 
on the care of a gas engine. See paragraph 
on " Back Firing." 

Explosions Cease. — See paragraph on 
Failure lo Start. 

Premature Explosions^ " Back Firing." — 
This trouble is of most frequent occnrrence 
with fuel of a low ignition temperature, 
such as gases rich in hydrogen, and gaso- 
line. If the ignition apparatus Is properly 
adjusted, the source of the tronble may be 
traced to an overheated cylinder and too 
high compression, or to highly heated pro- 
jections within the compression space. 
The latter cause of this annoy'ng trouble 
has frequently been a puzzle for some of 
the best gas-engine men to frid. A this 
projection of metal within tl:e cj'linder 
may be so situated that it beccmes heattd 
to a comparatively high temperature and 
acts in the same manner as an iguition-tuW. 
Again, there may be a projection u-ithin 
the cylinder upon which carbon will dep^^ii 
in the shape of a cone. This oc*ne of carV/tj 
will become incandescent, or n^^arly vj, ^t.c 
cause premature ignition, e\'tr: af. earr. ai 
on the suction stroke. Proy-CVvniv uym 
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lower-liolts, nuts, etc.. quite rreqoentlj 
make trouble hi this waj. In two-cyclt 
engines of the Day type, exploaious will 
- sometimes occur in tfie crank-chambei 
iiecause of an insufGcient fuel supply. 

Flame Blown Oui.—lf in engines of tb* 
Otto slide valve type, the flame ia frequentlj 
blown out and there is no draft to -whk^l 
this trouble may be traced, it is a sign d 
a leaky slide valve, and that either tlR 
springs need tightening or the valve itaell 
needs facing. Should the Hatne on a lube- 
igniter be blown out, there is a leak cithei 
in the tube itself or in some surrounding 
part of the engine. 

Spark Gradually Weakens. — A spark thai 
is of the proper strength when the engine 
is started, may gradually get weaker aftei 
the engine is miming, until it is finally loo 
weak to ignite the charge. If the spark is 
furnished by a battery, this is a sign tbal 
the cells need recharging or that the cell il 
uot adapted to thcwork. Battery cells Ihal 
are made for open circuit only, as those ol 
the spJi-animoniac type, are unsuited foi 
gas-eugine ignition, because they polarixe 
rapidly and there is not sufficient time fbl 
theta to recover Ijelween the a^Tks, Oec» 
siotjallya magaeta will grow vjefi.«i a.' 
fen- hours use, showing thatOie V 
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M^n^^3^m^enough to stanOme 

required of them. The remedy 13 to ^el a 
better magneto. 

Engitu: Pounds.— 'Louli the ciiniue over 
carefully to detertuiiie if there are any loose 
hearings. Lost motion is the prevalent 
cause of noise iu auy machine or mechan- 
. If the bearings are " auug/' note if 
igniter has too much lead, or if pretna- 
; explosions occur from any other cause. 

Easine doei not Develop Full Power,— 
Note what is said in the paragraph on Wi'ttk 
Explosion: then, if the trouble be not 
found, see if the exhaust passages are 
obstructed in any way. See also Eiiiiiie 
Dok'h. 

Smoke. — A black smoke may sometimes 
observed issuing from the open enil of 
the piston. In this case the piston is leak- 
ing. The remedy will suggest itself, upon 
tuking out the piston and examining its 
condition. If the cylinder is badly out of 
round it should be rebored. The pr>.cking 
rings may need renewing. See if they arc 
loo eraall to expand to a size slightly 
greater than the bore of the cylinder. 
Smoke from the open end cf the cylinder 
may also come from overheating. Pmoke 
issuing frooi the exhaust-pipe, is due to an 
CKcess of fuel in the mixture. 

tfo^j.—to slop a ieajL at any pi>*vu\ tAioiA 
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tion. The best rcuitv^j .^* _ , 
stem is to ream out the bearing and 
a bushing or a larger stem, being cai 
see that the stem is in line when th< 
complete, and that tlxe bearing cenU 
the valve seat. 



Chapter VII. 

GASOLINE ENGINES. 
I In general details and appearance, there 
I little to distinguish betweeu the gas 
mgine alitl the gasoline engine. The ouly 
r-point of difference being, that a gasoline 
r engine has a special attachment for the 
purpose of supplying fuel to the engine 
cylinder, eitller in the form of vapor or a 
finely divided spray. In engiues where the 
compression nitliin the cylinder is carried 
to the practical limit, it is found that ttie 
limit is a somewhat lower pressure for 
gasoline than for gas ofthe average quality 
employed for a gas-engine fuel. A gasoline 
engine will develop more power tlinn can 
be obtained from the same engine using a 
good quality of natural gas. A mixture of 
gasoline and air will become entirely ignited 
iu much less time tllan a mixture composed 
of air and gas. This peculiarity of gasoline 
produces a much more powerful blow at 
nUte beginning of the power sVicike, w\6. 



usually causes the indicator to show a much ] 
higher pressure at this point than is prob- 
ably present in the engine cylinder, owing 
to the inertia of the pencil mechanism 
being too great to allow it to stop when the ' 
maximum pressure is reached. A study of | 
gasoline-engine indicator diagrams will 
show this eiFect. as illustrated in Chapter 

xrv. 

Devices fov supplying gasoline to the 
engine, may be divided into three classes ; 
carbureters, vaporizers and jets. 

A carbureter is a device for transforming 
liquid fuel into a vaporbypassing air either 
over or thrciugh a body of the liquid, and 
carrying off a portion of the liquid i 
form of vapor with the air. Carbureters 
usually operate at ordinary tcmperatui 
but for fuels that have a low specific gravity 
the air or the fuel and sometimes both, \ 
heated. This mixture of gas and air 
usually too rich in fuel to be explosive, and 
a further addition of a:.' in the engine 
cylinder is required before it is suited to 
the work. 

k vaporiser \% an appliance for transfonu- 

ing into vapor, just the quantity of gBBolin 

that is required for one impulse of the 

engine and no more, and it (Wfiera ^Tom Vha 

farbai-etcr in not hnviiiR a sapYi\-j ot n _ 

coastaiitly on hand. Eithcc '■^^ ^^°« 



quantity of fuel is caused to flow directly 

into the path of the entering air, or thi 
is passed over a pipe coiiuectiug with b> 
small gasoline reservoir and a currer 
the fuel is induced into the path of the 
entering air. 

Jets are what the name implies, a jel of 
liquid usually controlled by a small pump. 
The pump throws a jet of the liquid 
the ait pipe so that it striltes the side of the 
pipe and breaks into a spray, or, as in 
tain classes of kerosene engines, in 
compartment of the compression space and 
against the side. Jets are sometimes classed 
aa vaporizers, but placing them in a class 
by themselves makes them much more 
venient to refer to. 

Carbureters may be divided into 
classes, surface carbnTeters and filtering 
carbureters. 

In Fig, 4 is shown an example of a surface 

carbureter. The carbureter is constmcten 

in the form of a spiral in order that the a 

passage tlirough it may be a long one. The 

bottom of the carbureter is covered witb 

gasoline to the height xy^ and the wickingr 

WW absorbs the liquid so that a large e 

faceof [ae\ is e.tposed to the air aa it pas 

through. According to Mr. Gatinw: ^\li 

cox, the height of the gasoUne *\\a>ii 1 

pot over ^ iiii^hes niid tVie Votoi \wEilfla'! 




Fig. 5. 
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HANDLING A 

For starting, stopping and the 
gasoline engine, the same general rules 
apply as for a gas engine. In starting a 
gasoline engine, especially when the engine 
is cold after standing idle for some lime, it 
is a good plan to put a qaantitj' of gasoline 
in tile cylinder and allow it to remain there 
for about a minute before starting the en- 
gine. With engines eniplojing a pump to 
raise the gasoline from a tank or reservoir, 
it is necessary lo operate the pump by hand 
for a few strokes in order to get a supply of 
fuel in the reservoir. The fuel supply to the 
engine is usually regulated by means of a 
needle valve, which should be carefully 
cleaned at regular intervals. In engines 
using a jet feed, the supply is regulated by 
adjusting the stroke of the pump, or by 
regulating the opening in a by-pass, so that 
a portion of tlie fuel is pumped through 
the by-pass and returns lo Ihe Bcmit* (A 
supply. 
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With engines using a carburetsr, it may 
bt found necessary, in extremely cold 
weather, to arrange some meaus of supply- 
ing heat to It, because tbe transformation 
of the fuel into vapor produces a refriger- 
ating effect which will chill the liquid ti 
such an extent that it will not vaporizt 
Two methods of heating the carbureter may 
be employed; one is to pass the exhaust - 
pipe through the liquid and the other it 
warm the fuel by means of the outgoing 
jacket water. The latter method is 
doubtedly the most satisfactory as it avoids 
excessive heating of the gaBoline. In kero- 
sene-oil engines which operate on the 
hureter or vaporizer principle, it is fouud 
absolutely necessary Ig heat the fuel before 
it enters the cylinder. In some forms of 
jet supply, it is not necessary to heat the 
kerosene before it enters the cylinder, 
is either injected against a highly heated 
surface or into a body of air that has been 
brought to a high temperature hy compres- 
sion, as in the Diesel motor. 

The time of ignition in the gasoline 
engine may be made a little later in 
cycle, and thus avoid the hard blow | 
dnced at the time of the explosion, without 
a noticeable loss in power. In starting a 
gasoline engine, it is often nccesssrj t 
&rst keep the regulating va\ve etltit^ 



closeii and lo open it a liule at a time 
immediately after the eugine receives its 
first impulse. In general, a carbureter will 
produce a more perfect mixture tliau the 
jet or the vaporiier, thus insuring complete 
combustion and a consequent absence of 
smoke and odor at the exhaust. But tliis 
udvautage is, in many engines, offset by the 
many disadvantages of this method. 

The carbureter usually takes" but thc- 
lighter portions of the fuel, leaving in the 
Ijotloni of the tank a residue which is of 
little or no value, as it is of too low a 
specific gravity to be used as a fuel in the 
engine. On the other hand, the vaporizer 
or the jet insures the using of all the fuel 
irrespective of specific gravity, if the aver- 
age of the mixture is equal to that te<)uired 
hby the engine. In the occasion of the 
engine being located near a refinery, it is 
probable thai the residue resulting from 
, the use of a carbureter may be sold at a 
price that will overcome that objection to. 
this method. In general, however, the 
vaporizer or jet will be found the least 
troublesome, although some very successful 
engines are employing carbureters. 

At no time should there be any foreign 

matter permitted to enter the gasoHne- 

^Mfipply pipes or the valves. Gasoline ta.nk% 

^HlBidil be Slled tlirough a Ene-viUe.sXjua». 
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or a piece of eloacly woven tiiuslin. 
Opening of the supply-pipe into the tan) 
shoulci \m covered with a strainer am 
precaution taken lu prevent troutile fma 
this source. Never put the gasol 
anything hut a perfectly clean receptacle 
Okl paint or varnish c-ana or barrels a 
especially to he avoideii. At regular intet 
val9. drain the gasolini! tank and clean II 
thoroughly. Where the tank is 
ground or in a similar position, in whict 
it would be impractical to clean it, extiC 
precaution should 1m; taken to avoid thi 
entrance of foreign mailer. Much of th^ 
trouhle experienced with gasoline enginei 
occurs from ueglect of this precaution. 

Large quantities of gasoline should be 
stored at some distance from building* 
and the tank should he protected from tlu 
direct rays of the sun by means of a shed a 
a covering of earth. If the tank is made sj 
sheet iron and fitted with a safety valvsfl 
that will allow tbe escape of the vapor, ait 
that the pressure induced by overheating 
may be relieved before endangering the J 
tank, much of the loss by evaporation 
he avoided. Many gasoline-lank explos 
are due to excessive pressure caused hy IheB 
overheating of a tighUy closed receptacleM 
and not from the application of a flameT 
Vsaally, the evaporation of this lighf 
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so rapid Uiat all alt T^* 
driven from 'he vacant apace above the 
liquid and a flame applied to au outlet of 
the taulc would not cause an explosion, as 
the mixture would be too rich. 

If, by any mishap, a tank of gasoline takes 
fire at a small outlet, ran to the tank and 
not away from it, and either blow or pat the 
flame out. Sever put water on buriiilip 
gasoliue or oil, for the oil will lioat on tuji 
of the water and the flames spread so much 
the more rapidly. Throw fine earth, sand 
or flo'uron top of the burning liquid. Flour 
Is best, because it will float and less will be 
needed. The best fire-extinguisher '"or a 
fire of this soH in a room that may be 
closed is anin.unift. Severai gallons of 
aiiinioni 1, ihrown in the room with such 
force as to break the bottles which contain 
it, win soon smother the strongest fire if 
the room be kept closed. Very often, 
simply striking the opening from which 
|> the flame is issuing, with the palui of the 

mil will put out the fire. 



Chapter IX. 

IGNITERS. 

A good igniter is one of the most impor- 
tant parts of a gas engine. It is required 
of an igniting device: that it shall fire 
every charge withcmt fail, that it shall 
ignite the charge at the proper point of the 
cycle, and that it shall require a minimum 
amount of attention both for cleaning and 
renewal of parts. There are four distinct 
ways in which the charge may be ignited 
I. Ignition by means of a naked flame. 
II. Contact with a surface which is at 
high temperature. 

III. The flame of a small electric arc. 

IV. Raising the temperature of the cylin- 

der contents by high compression. 
Flame ignition has its best known example 
in the Otto slide-valve engine. The general 
principle involved is, however, much better 
illustrated in Barnett's igniting cock, Fig. 
7. In this method of ignition two gas jets 
are necessary. One, the flame / which is 
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I for ignition of the cliar)j;e, t 
■t F for relighting_/"wheii blown i 
by the explosion within the cylinder. The 
plug valve A is showu in the proper pon'.- 
n for relighting' the flame/! At the right 
iment, the valve makes a quarter turn so 

I that the opening in the plug is opposite 
the opening into the tylinder indicated by 
the dotted lines. The resulting explosion 
extinguishes the flame /, and the valve re- 
turns to the position showu in the figure, 
the gas rushes out through the opening and 
ignites at the flame F. 

Contact with a highly heated surface 

I finds its best exa.riple in the hot tube. In 

several makes of kerosene oil engines, L. 

portion of the cylinder ia divided from the 

remainder by a narrow oassage and left 

injacketeil, so that it reaches a tempera- 

,nre suflidently high to ignite the charge. 

Another plan, dne to Mr. Dugaid Clerk, is 

to drive the charge through a grate built of 

' thin strips of platinum. The grate is 

brought to the proper temperature by 

means of an exterior flame before the 

engine is started and, thereafter, the grate 

receives sufficient heat from the burning 

L gases to ignite the following charge. This 

H xnethoii IS useless in a li\t-ftnA*vn\aa t-jije oC 

^^Siae, because n few idle strokes -sAW dL\ix« 

^We grate to cool to a temvtia^ii'^t^**'^ 
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small bolts have becu employed in 
much the same mauner as the platinum 
grate. 

The earlier tube igniters used what is 
known Be a timing valve. This valve 
opeued communication with the tube, so as 
to time the ignition at the proper point of 
the cycle. It is now the common pmctice 
to time the firing point automatically hj 
the compression of the i!harge. When the 
engine exhausts, the pressure within the 
tube Tails to that of the atmosphere, and it 
is filled with the products of comliustion. 
When the engine compresses a fresh charge, 
a portion of the misture is driven into the 
iguition tube, forcing the products of com- 
bustion ahead of it, and when the pressure 
within the cylinder has reached the right 
amount, the fresh mixture is brought Into 
contact with the heated portion of the tube 
and ignites. A tube of this tind with 
adjustable burner, is shown in Kig. 8. The 
tube is shown at /, and it should be of 
either nickel alloy or porcelain. The gaa 
is driven by the compression of the piston 
into the tube through the porlA The tube 
is healed by the llunseu burner 6, the flame 
entirely siiri-oiinds tile Uilie aui\\& ctrnftso^ 
>i- means of the cliimuty r. 'tVic lAom-oei 
Unci with atiibL'orasbesVos,V\\eia'be»'»' 
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being on important addition, as it prevents 
the heat from being carried o£F through the 
walls of the chimney. Minute adjustments 
of the flame may be obtained by swinging 
the burner b about the set-screws s, while 
for larger movements the chimney and tht 
burner may be changed by loosening the 
screw jv and sliding the chimney along the 
rod r. A pet-cock is provided at g for 
blowing the soot from the tube. In general 
the flame and the chimney are not made 
adjustable, their proper position having 
been determined by experiments at the 
factory, and the chimney and burner being 
fastened in the position found most favora- 
ble for the operation of the engine. 

Ignition by contact with a hot surface in 
the combustion chamber, is illustrated in 
Fig. 9. This Bet of diagrams shows the 
scries of ojjerations which take place in the 
Hornsby-Akroyd oilengine. Before start- 
ing the engine the chamber e is brought to 
a temperature very nearly that of a red heat 
and this temperature is afterwards main- 
tained by the combustion within the cylin- 
der. During the suction slroke of the 
engine, a jet of oil is forced into c by means 
of a pump and, striking the hot surface of 
the chamber, it is transformed into vapor. 
The cylinder of the engine when \.\ie ^K^A-o-n 
is at ibe end of the suction stroke co«\aat>* 



pim air, wliile the chamber e is fiUed with 
oil vapor aiid products of combustion left 
from the last cycle. In the figure, the oil 
represented by small circles and the air 
Tosaes, while the proilucts of combus- 
are shown by small squares. In dia- 
a (B)the piston has compressed the air, 
riving it into c and. as soon as the cou- 
1 of the chamber is of an explosive 
Ipiature, it takes fire from the heated surface 
In diagram (D) the piston has started 
a forward stroke, expanding the products 
f combustion. 
' The electric igniter is slowly but surely 
takinj; the place of all others, because only 
by its use can the ignition of the charge he 
timed to a certainty. The form of electric 
igniter which is in most general use, op- 
i upon the following principle; An 
ic circuit from a hattery or other 
e of electrical energy is closed, by 
s of contact points within the com- 
ion space, through an inductive resist- 
in the form of a spark coil. Upon 
reaking the circuit, the inertia profluced 
y the induction raises the pressure of the 
rcuit and causes a hot spark lo arc acrosE 
Pe terminals. This method is known as 
make-and-hreak, and it may be pro- 
ved either by forcing the t-juo cQ\i\.wAaV<i- 
r and (hen throwing them anile-oS.^ 
fix 






spnugjOT Dywiping one 

the other in a manner that is 
known as the wipe break. This latter 
method produces a verj-hot spark, but pro- 
must he made for adjustment as the 
wear out quite rapidly. 
ither method, good judgmeut must 
te used in adjusting the current supply to 
the requirements of the ignitinn device. 
Too liltle pressure will produce hut unsat- 
isfactory ignition, while, should the pres- 
sure be such that the current will he large, 
the contact points wili wear out in a verj- 
short time. Where the battery employed 
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storage cell, the pressure at the batter)' 
terminals should be much less than with 
cells having a high internal resistance. 
Two DiethoclE are available for reducing the 
rapid destruction of the points hy tC'O large 
a flow of curisnt. when it is inailvisable lo 
reduce the number of cells. The destruct- 
ive action of the spark may be annulled by 
placing a condenser in parallel with tlic 
break as shown in Fig. lo, or by putting n 
mmiiiduclive 
circuit as she 
noninductive 
coil, about a 
gin to wind 



with the 
Fig. loa. To make a 
wind the wire in a 
that contains no iron, and 
of the levi^\i tA 



t the 



e to that, when finished. oneVi 



e direclioii. If the resistancecoil is 
t made ii on in ductile, it will l>e quite 
■ to destroy the sparking power of the 

k-coil. 

1 example of the first style of make- 
*«nd-breuk is shown in Fig. 1 1. This figure 
is diagram matic oiiiy and is not intended to 
represent on J- special make of igniter. From 
a source of energj- B, one wire is groundeii 
on the frame of tlie engine. The other side 
of the circuit is attached to the insulated 
electrode e, and it contains the spark coil c 
connected in aeries. The cam C, rotated in 
the direction of the arrow, depresses the 
spring i which carries with it the electrode 
p until the point of p meets e. Further 
rotation of the cam merely deflects tlic 
spring, increasing llie pressure hetween tlie 
contacts. Still further rotation of the cqui 
allows the end of the spring to slip off the 

hlip and it flies hack, carrying with it tiie 
^linger p, making a quick hreak hctween 
tile contacts anrt producing the spark. In 
* practice, much Irouhle is experienced with 
flat springs as they are more liable to break 
than are helical springs. Note that by 
helical spring is meant a spring tliat is . 
wound in the form of a screw UvteaA as 
it^.Fif;. 12. This form ot at>riii'tv& 



ittvn bitt erroneously caUed a spii 
The tnie spiral spring is shown at B in iLe 
figure, and is of the kind so much used in 
blocks; it is not so reliable as the helical 
-Wring. 

W An example of b wipe break is shown in 
~Wg, 13. The electrodes X and )' are so 
placed that they lie directly in the path of 
the incoming gases in order to keep the 
electrodes cool. The electrode J'is rotated 
by the crank E, and rubs aKaiust the spritig 
tlectroile. The rubbing has the advuntafre 
that it keeps the contact surfaces always 
clean. The electrode )'is made adjustable, 
so that it can be pushed further into the 
valve box as it wears off. A very hot spark 
is produced by this form of break and, 
allhuuKh it requires more frequent adjust- 
ment and renewal of parts than some other 
forma, there is no platinnui used, so that it 
is quite a favorite with some designers. It 
should be borne in uiind by the designer 
that, in l«)th these forms of make-and- 
break igniters, contact must be made with 
pressure and the break must be a quick 

Another method of electric ignition that 
is finding great favor, especially among 
audiuiobile builders, is the jnmp-spurk. 
This spark is so called because K w\\\. ait 
or "jump " across an air gap -withiraV V^c^- 
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switch. The second spark is that which is 
depended upon for igniting the charge, as 
the make spark is not strong enough. 

The arrangement of the circuits for pro- 
ducing the jump-spark is shown in Fig. 14. 
The primary circuit passes through the 
switch 5" on the cam shaft to the primary of 
the coil, through the primary and thence 
back to the source of energy B, The sec- 
ondary circuit is from the terminal a of the 
secondary to the terminal x of the ignition 
plug and from the terminal y of the ignition 
plug to the terminal b of the secondary. 
For the secondary circuit, the secondary 
winding of the coil becomes the source of 
energy. If there is a vibrator in the circuit, 
the time of ignition will be immediately 
after the switch closes the circuit. If there 
is no vibrator in the circuit, the time of 
ignition will be just as the switch breaks 
the circuit. To get a sure ignition, it has 
been found that the points should be set a 
distance apart equal to about one quarter 
the maximum sparking distance of the coil. 
A 3^-inch coil with a J^-inch gap has been 
found to give very good results. There are 
coils on the market designed expressly for 
gas engines using the jump-spark, aud IVi^ 
author strongly advises the reader \.o \i>V5 la. 
coil rather than attempt to make \tVv\ms^\^\ 
for the reason that considerable sVaW ^x^^ 
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uc&cnpiion ol this method the 
referred to Chapter I. 



is employed which la on a shairTRBtW? 
oue revolution to four revolutions of crank- 
shaft. The valve porta are so arranged 
tliHt they are open to the cylinder twice in 
each revolution of the valve-shafL 

In many small engines, only the exhanst 
valve is opened by mechanical means, the 
inlet valve being operated by the suction 
of the engine. This of necessity causes 
some wire-drawing during the 
stroke, as there niust be a partial 
in thecylinder before the vaJve will operate. 
On large engines, wherein a small projMjr' 
tionate loss of power becomes of impor 
tance, it is not advisable to employ thi 
suction valve, and the inlet valve shouh 
be operated in the sa 
__fi^anat valve. In fac 
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Are. however, «)me very good engines and 
A :\-'.T lirce or.es which have been operating 
for >everAl years wiih suction valves. The 
only advantage the author can see in such 
a valve is simplicity and less first cost, be- 
cause of the absence of the valve mech- 
anism. 

In two-cycle engines of the Day type, the 
only valve required for either the exhanst 
or the inlet, is a check-valve opening into 
the crank-chamber. For a description ot 
this engine and the valve arrangement the 
reader is referred to Chapter I. The check- 
valve will cause a slight wire-drawing in 
the crank-chamber, but, with a properly 
projx»rlioned engine, there is no vacuum 
formed in the cylinder at any portion of the 
stn>ke. 

It is custom ar^^ in the design of a valve 
nitfchanism, to transmit motion from the 
cam to the valve-stem by means of a lever 
in order to avoid cramping of the valve- 
stem in its bearings. If, however, the 
valve-stem be given a bearing near the cam 
with a long surface and the stem be en- 
larged if necessary in order to stiffen it, the 
intermediate lever may be omitted. A valve- 
operating device with a lever is shown in 
l*ig. 15. The lever L is pivoted at x and 
carries the roller r which bears against the 
cam C. The center of ^Taxily Q^ the 1^ 
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s placed far enougli to the right of * 
that the lever will incline toward the cam 
after it has been thrust by the valve -stem s 
as far as allowed bj-the head of the valve. 
The hardened steel contact piece a is put 
in the end of the valve-stem and a hard- 
ened plate b is dovetailed into the lever. 

In Fig. 16 is shown a valve-stem without 
the lever. The stem is screwed or keyed 
into the sliding block fi, which is forked 
the end so as to provide a bearing for the 
shall of roller r. If the camshaft rotates 
constantly in one direction, the center line 
of the camshaft should be set out of line 
with the roller shaft as shown in the figure. 
The direction in which the shaft c should 
be ont of line is determiited by the direc- 
tion of motion of the camshaft. The liue 
!v V should be on the side of a- > opposite 
the projection ou the cam, when the pro- 
jection is approaching the roller. 

In laying out a cam, the simple method 
shown in Fig. 17 will give an outline that 
is suitiible for nearly every condition. The 
cam is made up of two parts, a portiou C 
concentric to the shaft, and the eccentric 
portion P. The part Cis usually turned a 
little smaller th^u the circle shown by the 
dotted liue, which is a ciTC\e \.\ifl\.-fltyM.\i be 
descri'fted by the roUev \\\>e\\ ■Oae nAnc Si 
dowu upon its seat and a\\ \oaV 



is taken up between the stem and any 
mechniiism which carries tlie roller, 
laying out the eccentric portion, it should 
be rememhered that the valve does not 
begin to open until the point p, where the 
line m n meets the dotted circle, is 
tact with the roller. That portion of the 
revolution of the cam during which the 
valve is to remain open, should, therefore, 
be laid off on the dotted circle and not, ag 
the author has; seen it done, on the concen- 
tric outline of the cam. The arc P is 
usually so laid out for the exhaust- valve, 
that it will open the valve when the piston 
has completed about .9 of the working 
stroke and close it just as the exhaust stroke 
is completed. Hence, for the exhaust cam 
the arc /" should be i.i times a quarter cir- 
cle or 99°, say 100° iu round numbers. After 
laying off 100° on the dotted circle, draw 
tangents through p and f to the circular 
outline of the cam, meeting it in the points 
w aiidy. Lay off the radial distance/ equal 
to the movement of the roller when it is 
operating the valve, and describe the arc H 
k slightly rounding the corners at n and k. 
For the inlet cam the arc P is nsually 
slightly under off in order that it may not 
open the inlet valve before the p' 
on the suction stroke nor hold it open after 
the twiwpressiou stroke Uas begun. The J 
Hk So 
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r should exercise his judgment t 
[tent in this matter, bathe will find 
85° to be very close to the proper length of 
the arc. Por the Ra5 volve. a Rreat many 
designers use the same cam as for the air 
valve. In any case, the time that the gas 
valve should remain open is practically the 
same as for the air valve, some engines be- 
iuR governed within limits hy varying the 
time during which the gas valve remains 

An example of a ralve operating mechail' 
ism in which there is no camshaft, is shown 
in Fig. 18. In the figure, s is the eshanst- 
valve stem. The slide IV, reciprocated by 
the eccentric E on Ihe crankshaft C, car- 
ries a toothed wheel A'. To the wheel A' is 
pinned the ratchet wheel K which has just 
twice the number of teeth that are on A'. 
At each stroke of the slide W", made in the 
direction of the crankshaft, the pawl fi 
rotates the wheels X and }' so that a tooth 
7' and a notch A' are presented alternately 
to the stem s. Hence the valve is opened 
hnl once during two revolutions oT tlie 
engine. It is claimed by those mana&ictar- 
ers who employ this and similar devices. 
that the valve opens mnch more qtiicUj 
t/i^a with the cam, and a \je\ter perform- 
ance of the eii^ne is olitaUied \ti c<ya,?e- 
guetice. There are several vai\eti«» <J 



valve-motion dependent upon an eccentric 
and a device similar to that shown in Pig. 
i8, nearly all of which are the same in prin- 
ciple as the device shown. A number of 
devices for avoiding the two-to-one reduc- 
tion have been patented, a few of which are 
in use, but the majority of the four-cycle 
engines are using the camshaft. . 

For transmitting motion from the crank- 
shaft to the camshaft, there are three kinds 
of gears employed— the ordinary spur gear, 
the bevel gear and the skew gear. The 
spur gear is that which has its teeth on the 
periphery of a disk, and is used for trans- 
mitting motion between shafts which are 
parallel. It is the most familiar of the 
three. The bevel gear has its teeth on the 
surface of a cone and is used for transmit' 
ting motion between shafts at an angle but 
which lie in the same plane. The bk<-w 
gear is one in which the teeth are iii lln 
form of a screw thread or helix- -a b« t«-v\ 
with a multiple thread — and is ubt,<: 
transmitting motion Ijttweeu slialu v^'ji 
are at an angle and which do noi la n 
same plane. 

Examples of these three t-atri^lU-t */ , 
are shown in Fig. 19. At ^A ■ i*. 
pair of spur gears for transiniUii*>' . 
from the crankshRit s to lb*: *>i*M. 
and at the same time reducinj^ iW v 
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one-half that of the gear (7. in order 
ike the proper reiluction in speed. 
no shafts are parallel. At (B) is showu 
■ of bevel gears for changing llie 
, direction of niotioa and at the same time 
teaking the two-to-otie reduction. The 
ahafle lie iu the same plane, that is to say, 
straight lines, as xy,p q, etc., luay he so 
flrawn as to pass through the centers of the 
two shafts. At ( C] is shown a pair of skew 
gears in which the speed reduction may he 
made without making the slower rotating 
>;ear the larger. In fact, tlie gear on the 
tMtmshaft may be, and usually is made 
laller than that on the crankshaft. An- 
advantage is that the two shafts do 
e in the same plane. Motion may be 
transmitted with these gears without the 
noise that is more or less evident when the 
spur or the bevel gear is used. 

IJngines, which are fitted lAith spur gears, 
nsually have the camshaft near the crank- 
shaft, and the valve-stems project from llie 
valve hoxes in a direction parallel to the 
axis of the cylinder. This armngeuient 
iiecessi tales cither long stems on the valves, 
or a long rod from the camshaft to the end 
of the valve-stem In some engines, this 
feature is avoideil hy the use of a. Iravw ot 
spur gears which firing-t the civ«\a\iat\. tioBfc 



o the valve boxes. In a carefully designed 

eugine, there is no objection to the u 
ir gears, and tbeir tise often save 

Very few engines employ the bevel gear, 
£S it is a somewhat difficult matter to 
arrange them on the engine that they y 
not lake up an undesirable amount of roti 
The skew gear obviates this latter difficulty 
to a great extent, and it allot 
shaft to be placed in a position from which 
it is more convenient to operate the valves. 
Either gear may he used to operate a 
shaft Ihe axis of which is parallel ti 
axis of the cylinder, "and by tlie use of the 
aeconil pair of gears the shaft may be givei 
a second quarter turn and run across th< 
back of the cylinder head to operate valves 
that are placed in the head. Where there 
are two or more cylinders, it will add ti 
economy of construction, if a single 
shaft is employed to carry all the c 
This sllaft should then lie placed so 
the axis is at a right angle to the ax 
the cylinders. 



Chapter XI. 

GOVERNORS. 

;A11 gas engines are KO^enieil hy either 
ig out or cutting in impulses to the 
I, or by reducing or increasing the 
force applied the piston acconliilg lo tlit 
rec|uiremeiits. Regulating the speed of (he 
engine by vnryiug the iiumlier of impulses 
|riven to the piston Is called the hit-and-miss 
system. There is uo term at present in use 
llial will cover all cases of governing hy 
varying the strengtU of the impulse, and 
author suggests the term variable 
tpu/se. There are three methodK of gov- 
iming under each of the above two systeuis 
of regulation, as described below. 

HIT-ANU-MISS. 
I. Holding the gas valve cloned during 
one or more revolutions of the engine when 
running below full power. During the idle 
strokes the en>;iue is compressing and 
rspanding a charge of pure aAT. 
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ir. stopping the action of {he exhatat 
valve, lioliliiig it either open or dosed dur- 
ing the idle sltokfcs. When the valve is 
held opeu there is not siifficieut suction to 
opeD the inlet valve, this method nsually 
beiiig employed on eu^nes having a snc- 
tion valve. In the latter case the engine 
I'etains the products of combustiou. the 
pressure within the cylinder being at a]l 
times loo great to allow a frcab charge to 

ni. Cutting off the turreni from the 
igniter, employed, of course, where an 
electric igniter is used. The governor is, 
in this case, attached lo a switch, which is 
opened whenever the speed passes the 
D limiL In this case the charge is alternately 
compressed and expanded until the switch 
is closed and ignition takes place. 

A fourth method might be added to tli i-> 
class, r. e.. the stopping of the camshaft. 
With this method all operations are halted, 
nsually with the exhaust valve held open. 

VARIABLE IMPULSE. 

IV. Partial stoppage of the gas supply. 

The mixture of fuel and air retains its 

eitplosive properties within certain limits of 

the proportion between tlie t.wo. U Uw 

mixture is poor in gas Lbe "^tnpuV&e ^a «k- 

'^^pondiagly wreakeued, and up «j<bftV»tf 



MHV'tlie char^ expliHles with W^H 
^eatest force, the slrengtli of tlit impulse 
■ay be iticreascrt. There is also a lower 
t, beyond which the mixture becomes 

> poor in jras that it will not explorte. 
r passing this limit it is ueceBsary tu 
rt to the hit-aml-miss method I, ami 
int the gas supply entirely. 

Throtlling the charge. This methoil 
Rduoes the strength of the impulse by 
ing the quantity of the charge thai 
Niters the cylinder, the proportions of fuel 
r remaining the same at all times. 

Varyiag the point of ignitioH. The 
;st mean effective pressure in a gas 
tn^ue is obtained when the spark lias 
nfficient lead to bring the maximum prts- 
it the beginning of the stroke. If the 
s reduced, or made negative (ignition 
lelayed until the crank has passed the 
:r), the strength of the impulse may 

Hit'and-tniss regulation is tliat which 
gives the greatest economy of fuel con- 
sumption. There is little choice between 
the three methods given above, as all have 
advantages and disadvantages that make 

a about equally good. 
I Of the variable impulse methods, No. IV 
1 thai which gives the best fuel economy, 

► the ewmpressiou is the same a\. estw^ 
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I cycle. The objection to this plan is, the 
the hit-aud'tuiss system h.s 
9 the speed falls to the limit below 
which the charge woulci in: too poor in gas 
to explode. Method V has been used quite 
successfully for engines driving dynamos. 
But it d<j?9 not give the economy that is 
derived from an engine employing one of 
the first four methods. The method de- 

» scribed last, is perhaps the most wasteful of 
iiiel after the lead is late enough to form a 
■perceptible reduction in the area of the 
indicator diagram. The result obtained is 
shown very plainly in the chapter on indi- 
cator diagrams. This method of speed 
regulation is of little service where econ- 
omy is desired, but where economy is s 
secondary cousideration, Bs in an automo- 
bile engine, it is a very simple method of 
governing. 

Governors of three different kinds are 
employed on gas engines. Two, of these 
are of the centrifugal type, similar to the 
governors in use on the steam engine, the 
other is a governor made possible by the 
. hit-and-miss system of regulation and h 
known as the pendulum or inertia governor. 
The centrifugal governors are tlie conical 
peniiuhim and the sliaE^ gQ^jeiMui. E.i.t.tw;t 
of IJie.se two may lie emp\oic\ ^wc kqi 
method of regulation vjla^W ^-^^ "*~^ 



governor may be used only for the hil-aiul- 

aniple of the cohIchI pendulum gov- 
> shown in Fig. lo as arrauged to 
operate a throttling device. The two balls 
lib are rotated from the camshaft, or other 
convenient revolving portion of the engine. 
through the bevel gears ^J. As the speed 
of rotation increases, the balls move in the 
direction of the arrows, compressing the 
spring s and depressing the stem S of the 
valve /^hy means of the collar c. As the 
valve moves downward, the holes a and g- 
are gradually covered by the wall of the 
passage, contracting the opening from the 
gas passage C and the air passage A into 
the cliaraber A', and preventing the mixture 
from flowing in as great a quantity as before, 
into the inlet port /. 

An example of the shaft governor is 
shown in Pig. il, in connection with a de- 
vice for opening the gas valve only wlien 
the eugine is below speed. The balls bb are 
on the end of the short arms // pivoted at pp. 
As (he crankshaft C revolves, the balls tend 
to swing in the direction indicated by the 
arrows, bnt they are withheld by the springs 
J. As the balls swing about the pivots >y. 
the opposite e^dsclfl\leam\s.Il■n\oNe^E^»"Kd, 
-f and carry with them l\ie i^jWri c. >» 
long lever Mt with a fulcr^xtn l^vfj^^Plj 
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to coutrol the gas valve. iii< 
of the bell-crank is pointed a 
to give the necessary thrust 
valve. In case the speed rises 
tain amount the arm a swinj 
misses the gas valve stem. 



Chapter XII. 

STARTERS. 
. Engines larger than eight or ten hcirse- 
pawei are difficult to start by turning Iht 
flywheel hy hand, and, in order to lessen 
the amount of lahor involved, larger en- 
gines than the above are usually supplieil 
with some device by means of which an 
impulse may be given to the piston when 
the engine is at rest, that will be strong 
enough to propel the engine for three or 
more revolutions and until it can take up 
its cycle and receive an impulse in Uie 
regular way. The methods in use for this 
purpose are so numerous that but a few 
examples may be illustrated in a volume of 
this nature. 

The first method to sufigest itself to an 
engineer would obviously he to apply pres- 
sure to the engine for one or more strokes 
from an exterior source, as front a steam 
boiler or from a tank of corapTes'sei\ avt . X'n 
^gpt tbe compressed air staiVer \«. avi\o* 
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1 br means olT 
nrlt from the line sliaft or other convenienl 
Timt. Wben it is ilesired to start the en- 
^■■nc the Srwiteti is titnied tintil the cam- 
^hiift Is- tn the proper positioo for the 
"X.I lUst ^itniLc. ami mtil the cisnk-piti is 
I1-: ilx>ve the haek-«e«rter. The air-vatre 
- 'ncn 'ipeTKil wide, and ci<kted again 
-.."11 j= the piston ocan the end of 
:.Ln>«c. If the impntic i« not Strang enODgh 
t" ^-v.; the engine a sufficient start 
*hi"iM be repeateii at the n«t levolotioi 
hut one. Two iinpnlses with the 
asa:Uly moce than cnong:h for the purposi 
After the enjj^ne is onder way, the fiii 
^oolil be tnmed on as directed 

I Starting. If the engine h! 
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s sufficient to 
lake up the cycle. 

A class of starters thnt is very much 
use on engines of fifty borsepower and 
below, is simply a means of ijrnitiug 
charge tliat has been drawn into the engii 
by turning it over by hand. For instance, 
a certain manufacturer equipped his engines 
with what is called a match igniter. This 
igniter is shown in section in Fig. 23. The 
igniter consists of the casting B which is 
screwed into an opening into the valve-boi. 
It contains a plunger consisting of a tapertrd 
and roughened head A, a stem d and a cap 
C. The plunger is held at the top of its 
stroke by means of the spring X A small 
pet cock s is screwed into the side of B, 
through which is inserted a parlor-match m, 
the ping h is then turned so as to break the 
match-stick and hold it in place. When 
the engine is under way the cock i is opened 
and the burnt match expeUed by the next 
explosion within the engine. 

To start the engine, it is turned over until 

the igniter snaps, and a charge of air is 

drawn in by turning the flywheel. At the 

same time, a small quantity of gasoline — 

the amount depending upon the size of the 

engine — is drawn in wiOi V\\e a\i. *!\««u- 

giae is now turned over unVVi ttie vwAnn'Wfj 

at aeaily the end of the suoWe ■. 

too 
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HHBB^erscil compressing the 
By a quick backward turn of the flywheel, 
the cap C of the igniter is struck with the 
hand lighting the match w and firing the 
charge. The explosion is asually of sufli- 
aient force to turn the engine until i 
take up its cycle. 

In some engines, the use of llie match 
igniter is avoided by means of a device 
which operates the electric-igniter at the 
proper moment. When the jump-spark is 
employed, a switch which will close the 
primary circuit, is all that is necessary. lu^ 
other engines the flywheel is turned until 
the camshaft is at the proper position for 
the begiuniilg of the suctioh stroke, ami 
the crank-pin is on the inner center. A 
charge of fuel and air is then pumped into 
the cylinder by hand. The pressure within 
the cylinder can be detennined by the force 
necessary to work the pump or by setting 
the engine a little past the center and hold- 
ing the flywheel, noting when it begins to 
pull. When the required pressure is ob- 
tained, the flywheel should be turned until 
the pin is about lo" past the center and the 
charge fired by means of a match igniter or 
equivalent device. 

lu large engines, where the horsepower 

Koo h. p. or above, a smaU y,as cwei\\e, 
cJ) may be easily stw^ei ^^^ ^vasA. ■** 
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sure tank by pe rmitti n^^^n^W 
expanding charge to pass into I) 
This is accomplished by opening co 
cation with the tank after the pit 
made a portion of its expansion str 
first portion of the stroke lieilig 
iniuarl motion to the engine. 



Chapter XIII. 

riNDINES FOR AUTOMOBIL: 
Lc reqiii rem eats of an autoniuhile en- 
are lighlncss, compactness, miiiiniuni 
itioii, wide range of speed under con- 
trol of the operator, and simplicity. Econ- 
omy of fuel consumption >a a secondary 
coll SI deration. The fewer the cams, levers, 
etc., on an automobile engine, the le.ss lial)le 
will it be to get out of order. It was for- 
merly supposed ljy the gas-engine builder 
Uiat u );as engine must run at a coustanl 
speed, and all changes of speed made by 
means of gears. Recent experiments have 
explorled this theory and successful engines 
arc nuw on the market which will run at 
speeds varying from loo to looo r. p, m. for 
the same engine. At least one manufacturer 
claims tbat bis engine may be run at speeds 
ranging from idd to 20DO r. p. m. Two 
iiiethods are employed for governing the 
fipeed of the engine. One is by throttling 
the charge, and ihe other Ity cUan^vn^ "Oim; 






lead of the spark. Either of these tneth 

gives an impulse at each cycle. Btigine 
operating on the hit-aiid-miss principle, ai 
useless for motor vehicles. 

For single-seated carriages, an engini 
capable of giving at least four horsepowei 
at between 500 and 600 r. p. m. should t 
employed. If the carriage is likely to M 
•called upon for heavy hill-climbing or rs 
iug speeds tbe horsepower should be i 
rreased to six. For motor bicycles oat 
horsepower is usually sufficient, while foi 
tricycles two horsepower is that generally 
employed. Single -cylinder engines will not 
run in a horizontal position v'ithgut c 
iug an annoying amount of vibration to bl 
tiansinitted lo the vehicle. If it is desirsj 
to use a single-cylinder engine it should bi 
placed with the cylinder vertical and t 
engine very carefully balanced. Two-cyhn- 
der engines with the cylinders placed c 
to cud, each connecting-rod being attache 
to a separate crank-pin and the crank-pin 
jilaced iHo° apart, will, if al! parts are cat 
fully made of the Eflrae weight, run wi 
very little vibration. The reciprocating ai 
rotating parts of the two engines belanO 
each other. Two cylinders with their a: 
parallel and the open, ends \i\ tb* ss 
direction, work very weU wUttv ^il« ^ 
: «e 180°, but »tiU be«JW X«i 
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the use of Uiree or four cjltiulm with thr 
cranks equally spacvA iboat tbe L-nnk 
circle. 

AmoD-i; Lhc autotnolrile tiaililrri, Ihc janrp- 
findtn^ faror, aa il may he t.ettrr 
itrolleil at tile high rotative ipmb nt 
Which these enKtties mo. The cluitf* of 
lead for the spark luay be obtaineil 1™ roUl' 
ing tile cam o* switch, as the case diat he. 
around lhc camshaft. Gunmon for auto- 
mobile engines are reiy well in theory, to 
prevent the engine from spceilftijc up wh»n 
ail obstruction throw* one of tbe wheels off 
the ground, bat tlicrc is no gofcmor within 
tlie knowledge of the writer that will act 
within a time sufiicientiy short for (he [mr- 
pose. The speed of the engine -thonlil 
always be at the control of the operatm. tf 
the engine speed is ander control, there 
will Ire but two changes of speed rci|uired, 
one for levels and easy grades and the other 
for hill-climbing. The rcvfrsing f^car may 
lie connected to the hill-climber as a high 
speed is undeairabje for going backward. 

For cooling the cylinders, both a i ' 
circnlating water system is employci 
also ribs radiating from the cy Under -■»iaV\%, 
Tlie- latter may not be ttsed Bucce*s^"a\M o 
yliudera over 3}^ to 4 inches 4\w»t^K''- 
^r- aa engine employing a -wnVw-V^^*^ 
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there should be some method of cocilin; 
Die water, otherwise the amount of wate 
which it is necessary lo carry Ijecome 
txtessive. In France, where the gasolini 
automobile is in extensive use, a coil o 
pipe with collars to increase the radiatinj 
surface of the pipe is considerably employed 
These collars or disks are stamped fron 
sheet metal and punched with a slar-shapei 
hole ill the center and then forced over thi 
tube, while the tulje is straight Afterwan 
the tube is coiled on a. comparatively smal 
radius. This coil is made a part of thi 
circulating system and answers its purposi 
very effectively. The author would sugges 
tliat if means were taken to guide ai 
through liiese coils by means of a curvei 
shield under the carriage it would ini 
the cooling efficiency of the coiL 

The gasoline and the water-tauks s 
each have some means by which the qnj 
tity of the liquid contained in them c 
be determined at any time without i: 
necessary for the operator to leave his ■ 
All parts of the mechanism should he ci 
pletely enclosed lo protect them froni dni 
For this reason an enclosed craDk.-chani)' 
is a desirable feature. Lubrication of c 
pari should be strictly aviVo-maXi 
when the carriage baa beew S'tobJ 
proper attention at the orxtselot ^ 
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necessary to cleciile upon, either the coi 
pression pressure iJesireil, or upon the ra1 
of the volume of the compression space 
that ilisplaceil by the piston during the 
stroke. For the diagram in the figure, the 
ratio has been taken as 30 percent. The 
total volume of the cylinder, when the pis- 
ton is at the eud of its outward stroke, 11 
tEierefore i -(- ,3 ■=■ 1 .3 of the piston displace' 

consider the total cylinder volume 
for the purpose of making the calculations, 
il is necessary to find what proportion of the 
total cylinder volume is included in 
compression space, or to divide .3 by 
giving .2308 as this ratio. In calculating 
the pressures at vnrioua points upon the 
curves, the following formulas should be 
used, because tliey represent the average 
behavior of the gases shown by actual' 
indicator diagrams taken from engines 
operation. For the compression c 

/>i-.->=/r ID 

Wherein 7*^= the pressure above 
um or absolute pressure; 

If' = the volume of the gases 
the time they are at the prt 
A' ^ a number or 
peaiiiag upon the con(iiV\ou9..'bMi. 
is the same for all \iatt* "^ ^^e 
curve. 
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When the Tolume of Ihe cyliuder is COA* 
aidererl as unity, A'becouies the absolute 
pressure of the atmosphere, usually taken 
as 14.7. When natural gas is employed at 
the proportion to air which gives the best 
effect, the pressure of the gases after explo- 
sion is four times the pressure after com- 
pression, both these pressures Ijeiug those 
above the attnosphere. 
The formula for the expansion curve is 
PV'-^^ C (2) 
Wherein P aiid V have the same signifi- 
cance as in formula (]) and C is a constant 
depending upon the ttiaximum pressure. 

_ These equations may also he written as 

ftigllows : 

pv'-^^py^\ pi"-is^PF'-i^, 

a form which shows the exact relation be- 
tween any two points on the curve. 

In order that the reader may better set- 
how to apply the above formulas, the com- 
putation of the diagram in Fig. 24 will be 
given. Taking first the computation of the 
pressure at the end of the compressifin 
stroke, and applying formula [r) 

P—'Ail —^4-7 



Py^'- 



= A'= 14.7, and P^-^^ 



^In order lo find the denomiwatox q^ S!a\% 
if is necessary to mM\t\^Vs 'CacX.-ro.fc 



logarithm of the number by 1,3, The log- 
arithm of .330S as ftiunil in a table of log- 
arithms (the tabular logariLhiu) is 1.363336, 
and since the logarithm baa a negative 
characteristic (number to left of decimal 
point), tlie true logarithm must be found 
by adding the mautissa (number tu right ot 
decimal point) to the characteristic as 
follows : 



■3<'.<'3fi 
■636764 



1910293 
636764 
.8177932 

1. 172207 (subtracting from i and add- 
ing — I to get the tabular log). 

Log '4-7= '■i673*7, aiid subtracting the 
log of (.2308/-^ the resulting log is that of 
the compreaaioM pressure at the end of the 

u 1673 17 

1,9951 10 = log of 98.S8- 98.38 lb. is 
the compression pressure in lb. per9(|. i 
alwve a vacuum. For practical purposes,! 
tliree £gures will be sufficient and 9B.9mayl 
be taken as the pressure. 't\\e ■^Te«s.'<»M 
ubo\'e the atmosphere '«ou\A ^ ^1 — ■*■" 
= A*.jiI>. per sq. in. To feet \.\ie-a 
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by 4, giving 84.2 X 4 = 336..S lb., mui 336.8 -, 
35'-5 Ih. absolute pressure. 
In order tllat the proper shape of the 
may be very closely approximated, it is 
at to compute Ihe pressures at three points 
'tween the ends. The points for which 
the calculations in the figure were made 
are those when the volumes are .35, .5 and 
.75, and in case of any uncertainty a point 
should be taken midway between .35 ami 
the higher end of the curve. The pressures 
corresponding to the points given, are 57.6, 
36.2 and 21.4 respectively. 

The pressures for the expansion curve 
are found in the same manner as for the 
compression curve, but by means of formula 
Before this formula is applied, how- 
it is necessary to find the value of 
constant C, which is the pressure at the 
id of the stroke when the volume is equal 
Henee Pl''-'^ ^ C becomes 351.5 X 
(.23o8)'-»!-C. 

Log (jjoSj'-i! = 1.140368, I^g 351.S =; 
3.545925. Addin); these logs gives, for the 
gum, tbe log of the constant C, thus : 
.140J6S 
■5459^5 

.6K6393 = log 4.S.55. 48.56 lbs. is the 

ll pressure of the gases in the c'j^i.w- 

ahould release take place a.\. X'tte «u4. t.^ 



P t!he stroke. Hence ihe equation of thi 

expansion curve ia /"F" « = 48.56. 

The iuteraiediate pressures for the re- 

1 mainder of the eKpauaion curve are found 
by subtracting the logs of .35, .5 and .75 
raised to the 1.35 power, from the log of 
4S.56. Theytire 200.4, '23-8 and 7i.6respep- 
tively. After these poiuts are located, the. 
diagram is constructed by drawing the 
curves through them as showu in the fig- 
ure. The length of the diagram is 3}^'' 
from the line D Cto e. and the scale of the 
spring represented is 160 lb. Hence unit 
volume is represented by a length of 3ji", 
and a height of one inch on the diagram 
represents a pressure of i5d lbs. per sq. iu. 

lu order to make the diagram coraplele, 
it is necessary to add the two small curves 
at i and r e. The curve at i is that due to 
the lead of the ignition 'which causes an in- 
crease of the rate at which the pressure is 
rising. It can be drawn but approximately, 
as it varies iu siie for any change iu the 
piston speed. Its effect upon the area of 
the diagram is too small to be of conse- 
(luence, and the only value it has, ts lo serve 
as a memorandum when using the diagram 
for the purpose of comparison with those 
actually tateii from the engvi\e. T\it 
re is that produced hy tt\e TcVease 

place before the end of tbcslroVeAS " 
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point of release r should be m 
ing Uie-^iol r where the expeinsivn Urn 
ipheric line A n ax liie end 
the stroke. To draw this curve 
shown in the figure, erect the vertical 1 
s r bX & distance froin Xm eqoal t 
the length of the dia^aio. which, in the 
.igure, is .9 X ■77=-693 time the unit iength. 
describe a circular arc, 
ich shall be tangent to the expansion 
Joining the points ■' and m with 
Straight line completes the diagram. 
The diagram having been drawn, the de- 
may find the M. E. P. by means of 
eter as explained in the chapter on 
iting. Prom the M. E. I', obtained Trom 
diagram, he may calculate the horse- 
^r of an engine of any siie which it is 
proposed to build, or he Dlay determine the 
ilimensions of the engine. The design of 
the vaive iiiotions may, to a certain extent, 
be founded upon the diagrani, as it shows 
llie proper time for opening and closing the 
valves. It should be the aim of the designer 
build an engine that will give as nearly 
{H possible, such a diagram as that shovin 
the figure, for only with a diagrani of this 
re the best resuUs obtained. 
diagrams will now W sUowu -«^i\t'^\ 
ye been aiade by an engitve -HUei w^i^ 
■oriciag under the conditions ueces^^rs ^^^ 



ttrooncing a niagram Bitntiar to inat in ng. 

24. In Fig. 25 are shown diagrams taken 
from various eiigineB whik in actxial opera- 
tion and they illustrate just what occurs 
under several conditions. At (A) is shown 
H diagram taken from an engine which is 
operating with everything in good working 
order with the exception of an exhaust re- 
lease which is ^ trifie late, indicated bj- the 
expansion line not reaching the atmospheric 
line A' J' until the piston has returned to 
rf. The point of release is show" by the 
sudden change in the curvature of the ex- 
pansion line at c, the point of ignition hy 
the sudden change of curvature in tlie coui- 
— pression curve at /. 

B> On either side of the atmospheric hne is 
^4 curve which is CKaggerated in the draw- 
ing in order that it may be distinct. The 
upper carve 19 that produced by pressure 
witliin the engine cylinder on the exhaust 
stroke, and is due to an unnecessarily con - 
-.tracted exhaust passage, or to obBtrnctions 
Ej&at have accumulated in the eshaust-pipe. 
'the lower curve is caused by the pressure 
within the cylinder falling below that of the 
iitmosphere, forming a partial vacuum be- 
cause of an obstructed inlet passage. Ordi- 
narily, these curves are too small to lie of 
Bay moment, but in case they att «, i\\i\Ve 
■tJBCt departure from tb 
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s being done by the piston la T 


^B forcing the gases through the passage, and 1 


^1 steps should be taken to remedy the defect. | 


^1 A conditi 


an of this kind is spoken of as 1 


^m wire-draw 


ing. Diagram(B)iBthatprt>duced 1 


^B when the ijroition of the charge is late. Id | 


H this case 


ignition takes place at i after the 1 


^m crauk has passed the center. The loss in | 


H area of tb 


diagram is quite noticeable wheD 


^ comparin 


g(B)with(A). 


■ The re 


cler should learn to distinguish 


between 


1 diagram produced by late igni- 


tioii and 


that produced by a weak or a 


throttled 


mixture. In (B) the curve indi- 


eating ri 


e of pressure immediately after 


ignition, 


s concave, while in (D) and (E). 


which ar 


e diagrams produced by a weak 


mixture, 


his curve is either a straight line 


or is conv 


ex. (G) is a diagram in which the 


ignition 1 


s very tardy, and the area lost be- 


cause of] 


te ignition is shown by the dotted 


lines. Premature ignition is shown by (C). 1 


In this dl 


agram the ignition is at i and the 1 


loss of a 


rea is illustrated by the proper 1 


diagram being shown in dotted lines. Dia- 1 


gram (F) 


IS an example of the effect of late ■ 


release together with obstructed exhaust | 


^flssa^s. 


1 


llVien 


n engine is oYieiatiQ'^ ««i ^nmAB 


»hJch ignites at alow \.evtvpeta.'ctt«,«». 1| 


^^H 


VI& ^^ 
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the case with gasoline and acetylene, the 
propagation of the flame throughout the 
mixture is very rapid, causing an explosion 
which is almost instantaneous. An example 
of the sort of diagram usually obtained 
with these fuels is shown in Fig. 26. The 
sudden blow given to the piston of the 
indicator, sets the spring in vibration and 
produces the wavy line which appears at 
the point immediately following maximum 
pressure. This effect has been attributed 
to various causes, such as a rapid succession 
of explosions, and these in turn have been 
said to be caused by an uneven distribution 
of the fuel within the air (a stratified 
charge). The author believes that very few 
of these curves are of such a nature as to 
justify such a reasoning. They are all of 
the nature of a sine curve, the waves grad- 
ually lessening in height as the piston 
proceeds on its stroke. In using these 
fuels, it is best to make the lead of the 
igniter somewhat less than when using 
natural gas or manufactured gas. By /cadis 
meant the time or the distance before the 
end of the stroke, that ignition takes place. 
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Chapter XV. 

GAS-ENGINE DIMENSIONS. 
The power of any engine is dependent, 
upon four factors, the average or meaai] 
cfFeotive pressure upon the piston duriny^ 
the stroke, the area of the pistou upon < 
which this pressure is exerted, the leugth; 
of the stroke, and the number of times per 
niitiute the pressure is exerted. The power 
of an engine computed from the nbovc fac- 
tors is known as the indicated horsepower' 
(I. H. P.), The power delivered at the pul- 
ley or obtained from the engine, and which, 
is available for power purposes, is called the 
delivered horsepower (D. H.P.) or the brak» 
horsepower (B. H. P.) and by some writers . 
the effective horsepower (E. H. P.). The^ 
use of the latter abbreviation is, however, i 
likely to cause conftision a^ the same abbre-.' 
viation is employed for electrical horse-j 
power. The term brake horsepovjet 
rhcrl from the iiialinc-r of testing \.\ve o 



> M. E., 



:. E.=i 



J of the engine, wbicb la nanally vitli aenie| 
form oflirake. The D. H. P. is the I. H. P. 

minus the power absorbed in the friction 
of the engine, the latter being called the 
friction load. The ratio of the D. H. P. to 
the I. H. P. is called the mechanical effi- 
ciency of the engine, sometimes abbreviated 

D, H. P. ... 

= — , this ratio 

[. H. P. 

I being usually expressed in percent. Thus, 
I if the I. H. P. of an engine is lo H. P. and 
I the D. H. P. is 8 H- P., the M. E. = ^^ = 80 
I percent, and the friction load = 10 — 8 = 2 
I horsepower. 

I The mean effective pressure (M. E. P.) in 

I a gas-engine cylinder varies with the fuel, 
I the pressure after conipression, the propor- 
lion of the mixture and the time of igni- 
tion, and in a minor way on several otller 
conditions wliicli are not of sutficieut im- 
portHnce to consider at present If the 
mixture contains the most effective pro- 
portion of gas and air, and the ignition is 
properly timed, as it should be, it leaves 
the matter of compression and quality of 
fuel as the two important points lo be con- 
sidered, with reference to the M. E. P. The J 
highest mean effective pressures are those I 
ohlaineil with n;iluru\ f?A a\ii ^patJosifc, J 
then come the illumuialw^ gawte, Va •&■ 
order o/" their lij-ht-gWinj!; valn^k--^^ 
IZ2 H 



■BBually known as producer-gas. For the 

■ compression pressure usually employed, the 

I'M, E. P.s range between 45 lb. per sq. in. 

Land 80 Ih. per sij. in., with the average not 

F'&r from 65 lb. per sq. in. for an average 

'quality of natural gas. For gasoline the 

M. E. P. may safely be taken at 70 lb. per sq. 

in. The author has found the following 

formulas are very well borne out in practite 

for the best performance of tlie average 

gas engine: 

Let n — the diameter of the cylinder in 

I Inches ; 

L = tile length of Lbe stroke in inehes ; 
R =: the number of ri 



Then for a 



evolutions per 1 
-cycle engine 



D. H. P. = 
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For engines using gasoline these 
I inators should be reduce<1 to iS. 
I 13,500 i^spectively. These formulas 
1 Bsed for determining the dimen 
laiiy engine that is being designed, if tlie 
[jjerformanee cif any engine of the e 

nd on the same qualilx; ot twtfi \ 
ilresdj- known. The denotiii-natOT ot toe | 



' ■ '— ^ :-i«i i-:'m":i:wa. ieaonrmaitor JT 
-V=-X-i-,-' (5) 



fcc.^*:.** in *3.f-_3:e Traici is a good ex- 

irr.-t'.e :: ± ^<ir-.e< ilr^Jiij beis^ bmlt has a 

■••'.- ter u: iuLzi^cir md i stroke of 30", 

• ' • 1'.- y ±-cine. i=.ii that it runs at 

i. r T- =. x--—-::* "»- D. H. P^ the value of 



^ = 30^77 -f 



7 hi r.rrr.u'.A :':r ihese engines is then 






20,600 

To fir-d the d:a=:eter of the cylinder for 
any en^ir.e to ^.ve a required horsepower 
;it a ;^iven ?pee»i. the ratio of the stroke to 
the fliameter should first be determined. 
For A four-cycle engine, prominent anthor- 
ities a^ree that the best proportion is to 
make the stroke 1^2 times the cylinder 
'liameter. I 'or a two-cycle engine, practioe 
varies between making the diameter of tke 
f yli nrler and the stroke the same, to a ■InlbB 
<-qna1 to ii^ times the diameter. It ia.iHl 
n#(i-ss;iry to rlecide upon tlie Wpf* 
whirli Ihe engine shall run. Oapi 
/'///// in Uw (iniied States, 
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at a higher piston speed for horizontal ca* 
giuCE than 6oa feet per minute and for 
vertical engines 700 feet per minute. The 
following formulas representiug average 
practice among manufacturers will be found 
valuable in making the first approximate 
calculation : 

Let // = the D. H. P. of the engine ; 

Let /^ = the rev. per min, ; 

Then for a four-cycle engine ^=-^ J*' 
•■ -two-cycle ■■ A'=-^ '?* 



In order to solve the above two equations 
It is necessary to use logarithms. Suppose 
■ It is desired to &nd the speed of a fifteen- 
f horsepower four-cycle engine. Take a table 
lof logarilhniB and find first the logarithm 
E of 15, which is 1,176091 ; multiplying by .21 
; result is .34697911, which is the log of 
to the .21 power. The log of 3S0 is 
fca.579784; subtracting Ihe log of (15) " froni 
-'.579784 
.^46979 
2-332705 = log 315.1 -]- 

I And the proper speed for this engine 
old be 215 r. p. m. or Ihereabout. Kor a 
mr-cycle engine, formula |6l gives a. "5i\?.\.ow 
A of 600 Feet per minute at ji.j \iQT?e.- 
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I power, and for a two-cycle ragine, fonttulai 

I (7) gives a piston speed of 600 feet per 1 

[ uteat 71 horsepower. Beyond these powers, 

I the formulas (6) and ',7) should not be used 

I liut the compulations made from the pistor 

I speed. At 600 feet piston speed the r. p. ui 

' is found as follows ; 

I /P = 36oo (81 

Wheu the piston speed of the engine i^ 
500 feet per minute, much simpler formu- 
las than (3) and (4) iiiaj be used to find the 
diameter of the cylinder. Using the same 
value of A' as before, 

D = 1.3 :^ II for a 4-cycle engine ; X = 
19.«». (9) 

D=[.57^H for a j-cycte engine; X = 

These formulas should not be used ex- 
cept for Q piston of speed of 600 feet per 
minute. The stroke of the engine t 
afterwards be determined by its ratio to 
tlie diameter, and from that the r. p.m. may 
be fonnd by means of formula (8j. It should 
be remembered that these equations a 
applicable as they stand, only for engines 
iwth one cylinder. When the engine ia tc 
be bu:It with two or twoie c-j\TOieT»,'CB!t 
horsepower must lie AwOieiVp-j ^^' 
of cylinders. Thus. U a l.Vxee-cfKoJuw'lj 

ib6 



fflne of 45 horsepower is to be designed, the 

r calculations for cyliuJer diameter, r. p. m., 
I etc., should be made for a 15-liorsepower 

Should the reader desire to calculate the 
power of a gas engine from a known M. K. 
P., the following formulas will assist him. 
When the piston speed is 600 feet per min- 
ute and the stroke of the piston is 1^ times 
its diameter 

I d = i.67VLEI; I") 

p 

Wherein P = the M. E. P. 

When the piston .ipeed is 700 feet per 



D=l.55>/ii 



1' 
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I Both of these formulas are for the 4-cycle 
I engine. If it is desired to find the D. H. P., 
[. R. of 8o'>(; may be safely employed 
^^gi1Ies under 25 horsepower. For 
plarger engines having two or more cyiin- 
I ders 85^ may be used. The reason that a 
, bigher efficienc}- may be obtained from 
multiple cylinder engines, in that the fly- 
wheels are Biuch lighter, and the load is 
better distributed throughout a revolution, 
reducing the friction of the engine. It is 
[■fast becoming the custom to IraiW ei\^i\s5. 
r than 50 D. H. P. with two ot Taatt 



aimensions oi ine engine aut 
.them vary but a few percenl 
would be given by the best < 
Although every dimension of 
should rightly be discussed in 
chapter, the author will give 
chapter by itself in order to 
easier of reference. 



Chapter XVI. 

THE CYLINDER. 
A good example of a gas-engine" cylinder 
I is shown iu Fig. 27. The dimensions of 
the various parts have been based upon 
average practice of gas-engine designers in 
this country, aud, altboagh he will not be 
able to take up any gas-engine design he 
chances to come across and find the di- 
mensions exactly fitting these formulas, he 
will, by the use of the following et^uations, 
be able to produce a design which will he 
iu good proportion. 

For the thickness of the cylinder wall it 
is necessary to allow for reboring to a cer- 
tain extent, and also to have sufficient metal 
for stiffness, and to make a good casting 
when the cylinder is a small 1 
thickness of the wall is therefore made 
<iuite a little heavier thaii is necessary for 
mere resisUnce to pressure. The foilov ' 
formula is that which represents averagp 



t=.o^D; (13) 
Wherein / — the thickness of the cylinder 

wall ; 
D -= the diameter of the cylinder. 
The depth of the water-jacket is usually 
as given by the following formula : 

j^.iD; (14) 
Wherein/ = the depth of the water-jacket. 

This depth is measured on 
a radius of the cylin<ler 
across the water-jacket. 
No regular proportion appears to be fol- 
lowed at all closely for the thickness of the 
outer wall of the water-jacket The author 
has used for engines of his own design a 
thickness which is half that of the cylinder 
wall, or .045 D. 

For very small engines these formulas 
give dimensions which produce walls too 
thin for the foundryman. In order to get 
good castings it is well to limit the thick- 
ness of the cj'linder wall to -^^ inch, the 
depth of the water-jacket to }i inch, and the 
thickness of the jacket wall to % inch. 

In order to find the diameter of the cyl- 
inder head studs the maximum pressure 
within the cylinder must be known as well 
as the number of studs. It is a ^ood \A»xv 
to limit the distance between \.\ve sVw(i^ \» 
six inches, unless there is a iealwxfe \w\>^fc 
design of the cylinder or tVie ^vea^^N^v^^^'^ 




H Space being used. An even 

number of stmla ia almost invariably em- 
ployed. The following formula should be 
used for fiiidiug the diameter of the stud : 
Let A = the diameter of the cylinder ; 
z = the diameter of tlie stud at the 

root of the thread ; 
5 = the safe stress in lb. per sq. in.; 
fi := the maximum pressure in the 

n ^ the number of studs ; 



Then 3 



= /)'</ _fi_. 



(15) 



The fiauge by which the cylinder is at- 
tached to the frame, may be either square 
or circular. It is usually square on vertical 
engines and circular when the cylinder is 
horizoutol. The sii^es of the bolts which 
are used to fasten the cylinder to the frame 
may be fouud by formula (15) makings the 
diameter of the bolt at the root of the 
thread and n the number of bolts, The 
thickness of the cylinder wall between the 
end of tlie water-jacket and the flange 
should be .125 JJ. The thickness of the 
flange should be equal to the diameter of 
the bolt -j- J^". On engines smaller than 
six horsepower, it is customary to make the 
cylinder and the frame iw one cs^i.vo.'^ IVa 
wafer-jacket should exlen0i,'\>e-3O&a.'aife«Bj 
of the piston nearest t\v«; t^r—ft" >««*-■ 



TLe size of tlie water inlet and outlet pipes 
should be .15 times the diameter of the cyl- 

Two methods are in use for making the 
core for the water-jacket space. In one t! 
core-box consists of two cylinders 
wrought irou, placed one within the other 
and of the proper dimensions to make the 
space between them equal to the size of Uie 
core. Tlie core is then rammed up between 
the two cylinders and put into I 
oven in the core-box. With this method of 
making the cores there is no necessity of 
making draft in the core-bos for the metal 
about the studs. Another method of mak- 
ing the core is to make one half of the core 
at a time, using the same core-box for each 
half, the core being lifted out sideways. 
Willi this form of core-box it is necessary 
to arrange the metal as shown by the dot- 
ted lines in the Rgure in order to make a 
draft on the parts y y. 

The cylinder head, when it contains no 
valves or other mechanism, is made as 
shown in Fig. 28. The formulas for the ' 
thicknesses of the walls and the depth of 
the water-jacket are the same as for the 
cylinder. In fact, it may be said ti 
extension of the cylinder. In some engines I 
the end of the cylinder \i c\oaB4 ■Kod ia J 



made in the form of a sphere. In others 
the cylinder is closed but a head is used to 
cover the end of the cylinder in such a 
manner that it forms the outer wall of the 
water-jacket at that point. In many en- 
gines, the valves are placed in the head 
while in others, the head contains but one 
valve or the igniter. 
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per second in t 
B5 feet per second allowance for the esliauBt, 
[s made on tbe assumption that the prod- 
ucts of combustion are driven from the cyl- 
inder when at atmospheric pressure, this 
assumption being made for conveuience 
only. As a matter of fact the pressure of 
the gases at the moment of release range 
between 30 and 40 lb., and the lower limit 
of 3peed for the gases in the exhaust pas- 
sages is adopted for this very reason. As 
tbe piston speed of gas engines varies con- 
siderably, even for engines of the ianie 
power when built by different manufactur- 

i, it should always be taken into consid- 
when proportioning the pa'isages. 

should also be remembered that to make 
of the inlet and the e\haust pipes 
according to the above, and to then choke 
the column of gas by a small valve opening 
or cylinder port, is not very good practice. 
The formulas given below will give the de- 
ugner a short method of determining the 
of the passages: 
T = the speed of the piston in feet per 

4 = the area of the cylinder; 

I = the area of the inlet passages ; 

t' = the area of the exhaust passages; 

= the diacncter of the cylilldct ; 
rf= the diameter of the ittltV ^aa»a%f , 
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- the diameter of ifae exhaust {i 

R = the r. p. ni. of the crankshaft ; 

" 36,00a"" 
the inleL 



I 

^H the exhaust. 

^^ rf=.oa5i5Z>^^r for the inlet (l6h). 

^H </'=.0O572Z'^;^rorthcexhaust(r7h) 

^^Vhcn the piston speeil of the engine is nt 
the usual limit for hori/.outa! engines tliese 
formulas may be still further aimplifieil lu ; 
a .iW(i6c); 

d for passages of cirtulat cross-section to 

The designer should use the formula heat 

suited to his work aud he wilt find that, in 

uiauy cases, he may calculate the diineii- 

sions fay oue formula and use another as a 

^-Cbeck. 

^^L The proportions of the valve are shown 
^^Btl ^^S- ^ ''''^^ author does not insist that 
^^Dbese proportions should be ToWo-waA K\i 
^^fepeO' esse but Ihcy form n very cowvewvt'o.'i- 
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bams fta- the deBign of a "ralve, especiall; ii 

those cases where it is hard for Ihedesigner 
to decide what to do, as the ratios suggested 
below will give a valve of good proportion. 
The dimensions are based upon the diam- 
eter of the opening as a unit. They are ; 

r= 1.14-/; 

6 = .14 d; 

C^ -07 if ; 

s ~ .2 d, for short stems; 

s -- .33 d, for long stems; 

r =; .25 d, the minimum lift of the valve, 

I which should be added )^ inch to allow 



for VI 

A.t B is shown the usual method of mak- 
ing on eihaust valve, the head of the valve 
lieing riveted to the stem. This is neces- 
sary because the head of the exhaust-valve 
should lie made of cast iron, as wrought 
iron or steel will not stand Uie abrasive 
action of the hot gases. 

Three methods of arranging the valves on 
the engine are shown in Figs. 30, 31 and 32. 
Fig. 30 is a cylinder head arranged for both 
the inlet and the exhaust-va]\'e, and the 
proportions of the various dimensions to 
the cylinder diameter are marked upon the 
diiferent parts. It is always a good practice 
to water-jacket the exhaust-valve, so thai 
^Ubc beat may be carried away fionv \»iUv 
^■ttle bearing foe the stem aud V\i« tia.Vve-^.eie^. 
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^ff'In the figure, the inlet-valve 

water-jacteted. It is uot neceasarj' to jacket 
the inlet-valve, as theincoming air suffices 
to keep it cool. The jacket is coutiuued 
ahoutthe valve in this case, in order 
iron and to retain a uniformity of 

In Fig. 3t is showu a valve-box designed 
to be attached to the side of the cylinder 
anil to BO place both valves that their stems 
are parallel and point in the same direction. 
This box is a style used on both horizontal 
and vertical engines and is employed where 
the camshaft is at a right angle to the axis 
iif Uie cylinder and between the valve-box 
an^I the crankshaft. In order that the 
valves may be removed from the box with- 
out taking them apart, openings are made 
in the box at ^ and Ji and the holes are 
closed with a cap .^. The cap is fitted to 
the box with a ground joint and is held in 
place by the clamp S. The proportions of 
the vario'18 parts of the box are shown by 
formulas on the figure. But one view of 
the box JK shown, a cross-section through 
the axes of the valves. It is bolted to the 
> evlinder by means of studs passing through 

khaUm s, the studs serving also to hold 
covsrof the-box. The inlet gases enter 
nghacored passage in th^ c-^VvniWx kcA 
opening / from wlieuce Oacj ■^e&f- 
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Lhrough tfaeinlet-ireilTe to the cylinder-port 

1'. From the port P the products of com- 
bustion pass through the exhaust- valve 
opening to E and through to a cored ex- 
haust passage in the cylinder. 

Fig. 32 is an illustration of a valve-hos so 
nrraiiged us to place hoth valves in a box of 
the smaJlest possible compass. The ex- 
haust-valve is operated by means of a cam, 
but the inlet-valve is intended to be ope- 
rated by the suction of the engine piston. 
The box is ahovrn in section through the 
plan. In order to permit of removal of 
the valves, the seat for the inlet-valve and 
the hearing for its stem are placed in a 
separate casting, which is bolted to the box 
as shown. The opening from the valve- 
box into the cylinder is shown at B aitd 
from the jactet surrounding the exhaust- 
valve to the jacket of the cylinder at A. 
The exhaust-valve opening is shown n\. E 
and the inlet-valve opening at /, The ex- 
haust-valve is bolted to the box by means of 
a flange, while the iulet is screwed into the 
side of the cover at C. It would be well to 
put a union into the inlet pipe near the box, 
in order that the cover may be taken ofi 
without difficulty. The dimensions of the 
the various parts of the box are shown by 
equations on the figure, as in l^igs. joani TjV 



Chapter XVIII. 



IE PISTON, THE CONNECTING-ROD 
AND THE CRANKSHAFT. 
With few exceptions, all gas engiues are 
fitted with trnnk-pistons. The principal 
son for the adoption of the Irunt -piston 
is, that if the engine were made double-acl- 
;, as are most of the steam engines, the 
hot gases would surround the pistou-rod 
healing it to a temperature that would cause 
it to cut in the stuffing-box. The trunk 
piston taking an impulse on the end where 
there would be no rod were tlie engine 
double-acting, gives no trouble from this 
source. As the other eud of the cylinder is 
not used, there is no necessity for closing it, 
ami lly making the piston long enough to 
act as a guide, there is no need for either a 
piston-rod or a cross-head. A few engines 
are manufactured which are double-acting, 
the trouble from an overlieated piston-rod 
I being avoided by proviiling means for cool- 
Ling the roil. In one of these engines tlie 
B(fta/er-jat'ket is extended so t\val v\.s\inounds 



Rile stuffing-box, while iu aiiotlier, iha IH 
is made hollow and water is circulated 
through it. 

The present discussion will be confined 
entirely to the trunk-piston. For a treat- 
ment of the piston for the double-acting 
engine, the reader is referred to works on 
steam-engine design. An example of the 
trunk-piston, as usually employed with the 
gas engine, is shown in Fig. 33. The pro- 
portions are, with the exception of the 
pin, baset! upon the cylinder diameter as a 
unit. All the necessary equations are placed 
upon the drawing. For small pistons of 8" 
diameter and under, the ribs ^ may be 
omitted, and the piston designed as shown 
by the dotted line. In some engines there 
is a supplementary piston-ring added, as 
shown by the dotted lines at Z. Up to and 
including pistons 10" diameter three rii 
win be found sufficient. For sizes above 
four rings should be used, one of which 
may l)e placed as shown at Z. Iu pistons 
aljove 11" diameter four rings should be 
placed between the piu and the i 
and a fifth ring added at 2' if it is desired to 
e a ring at this point. The extra ring 

'$ of somewhat doubtful utility, 

'epacktng ring /fis concerned. 

bnded by some that it relieves the tiistou of 
jji (he cylinder, bul a.& ' 
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is not in any way supported by the rings, it 
is difltcult to Bee what fouudatiou there is 
for such an argument. In using the equa- 
tions given in Fig. a, the designer should 
be careful to observe the limits, on the 
smaller sizes, that it is necessary to consider 
for securing good castings. The piston 
wall should not he less than -ff", and even 
then the pattern should allow considerable 
stock to be turned out in the lathe. The 
difference in the thickness of the rings at 
the smaller and the larger ends may be less 
or more than ^" according to the method 
of turning them up. A ring which would 
be of equal strength throughout would 
taper off to nothing at the smaller end. In 
the shop when turning piston-rings for a 
gas engine, some method should be followed 
whereby the outside of the ring is turned to 
a perfect circle, the diameter of which shall 
be exactly the same as the bore of the cylin- 
der. In order to do this it ia necessary to 
first cut the rings and then to clamp theni 
in a jig which will hold them sprung very 
nearly together. The ring is then turned 
to the diameter of the cylinder while held 
in the jig. This is the secret of securing a 
tight piaton, and one that will successfully 
withstand the high pressures due to the 

E- ise in compression, which is uq« so 
siveJy coming into use. 
'49 



be determined by the bearing surface r 
quired; the length of the pin should be, 
wherever possible, the aame as that of the 
crank-pin. The average pressme which is 
allowable upon the piston-pin per sq. in. of 
projected area is 750 lbs. In order to find 
the diameter or the pin, when the length is 

I known, the designer may make use of the 
following equation. 
p- df— (18) 
75oX<- 
Wherein p i= the diameter of the piston 






A = the area of the cylinder ; 

/•= theM.E. P.; 

f = the length of the piston pin. 

aecting-rod of a gas engine is 

rious styles, but what is known 

as the marine type, and illustrated in Fig. 

34, is that in most general use. This rod is 

of circular cross-section aud is easily ma- 

Cbined, as it is nearly all of it turned in the 

Khtfae. It is made slightly tapering, the 

rfcrgerend being that nearest the crank-pin. 

BThe taper given is dependent to some ex- 

Iteot upon the length of the rod, the crank 

Kjnd being from ii" to Jf" larger than the 

BUlton end. Thus, for a 24" rod the differ- 

Bj>tce would be X", and o.. a 60" ro.l a dif- 

Hktence of H"> or a di£Fen;nce ot '^" ^of 



These formnlas are tor the avet-gge a 
Df jC '= ifi />. When there is much of a 
departure from this ratio the rollowing tor- 
mula should be used: 

For wrought iron, 

5= .056 f^^LDi (20 b\ 

For steel, ^= .052 f ,„ LD^ (20 c) 

These fotinulaa will give somewhat larger 
cranlcshafts than are in use on tnaaj- gas 
engines, but it is a matter worthy of note 
that too many crankshafts are made 1 
small. The diameter of the crankpin ia ui 
ally made i}^ times that of the crankshall. 
Practice varies in this respect from making 
the pin the same dianieter as the shaft ti 
1.15 times the shaft. It is a good plan t< 
select the larger rather than Ibe smaller 
ratio. Mr. Frederick Grover, an En^isb 
writer, recommends the ratio 1.2 as " 
lowest limit It should lie remembered that 
the larger the diameter the shorter the pin. 
The projected area of the crankpin should 
be such that the a\-erage pressure does not 
exceed 400 lb. to the sq. in. From this tkc 
following formula is derived : 
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400? 
Wherein f = the diameter of (tie pin ; 
y"=^ the length of Ihe pin ; 
A «id /' B3\a fnrwjji^" 




T" 
I 

T 



M/ss^Sa 




CO 
bub 



f. 



^*- 









The length of the crankshaft bearing 
usually from 25" to 2.55", the smaller n 
7.S being that in most general use. Fig 
shows a good example of a crankshaft ¥ 
those proportions not already given,marl 
upon the figure. 
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Chapter XIX. 



THH 



ENGINK FRAME. 



As with many other parts of the gas en- 
gine, the frame is built in so many different 
styles that to give an example of every one 
would lalce up more room than Id at the 
disposal of the author iii this work. 

A good example of the style of frame in 
use on a great many horizontal gas engines 
is shown in Fig. 36, with the proportions of 
the various parts showu hy their relation to 
the cylinder diameter of the engine. The 
angle of the parting line of the bearing 
lirasses is taken at 45°, in order that the 
thrust of the piston may not come directly 
against the stud, but agiiinst the frame. 
The most rational angle for the parting 
line would be at 90° to the resultant of the 
average total pressure of the pistoi 
that of the flywheels. This would, however, 
make the angle a very sleep one, and i 
makes a much neater-lookitig iltsi^ia. \ 

le as shown, viVvYfe Vee?*-'** 
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e pressure o 

:i the frame. The cylimlersof gi 
are quite frequently cast with projectlous 
on the side, by which they are holted to 
the frame, as shown in cross-sect ioii at Z. 
It is claimed that the overhanging piston 
will not get out of shape when the teoi- 
perature rises while the engine is at work. 
The author mugt confess that he has been 
unable to detect any difference in the effect 
upon the cylinders with an engine built by 
either method. In Bom.e engines Ibe frame 
is set ilirectlyon the foundation, while with 
others a sub-base is furnished, which is 
practically a continuation of the frame. It 
is usual to make the lower part of the frame 
hollow when there is no base, and to draw 
the air supply (rom this space in order to 
niake the suction a quiet one. When there 
is a base, the air is drawn from the hollow 
portion of the base. 
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Chapter XX. 

FLYWHEELS. 
The great proportion of idle strokes to 
those ill which wort is actuaUy being Jone 
upon the piston makes it imperative tliul 
the gas engine be supplied with a, very 
heavy flywheel in order to regulate the 
speed within reasonahle limits. For dif- 
ferent requirements in speed regulation 
there will be a difference in the weight of 
the flywheel. Steadiness of speed is usually 
spoken of as percent variation, for the rea- 
son that there is no sacb thing as absolute 
uniformityof speed, but a variation between 
limits that is determined by the efficiency 
of the governor mechanism and the regu- 
lating power of the flywheel. Thus, a gas 
■ngine that is operating with a speed vari- 
atioa of 2% and at an average speed of xa 
'. HI., has a difference Aie^inecMN.'ntVxigit 
aiid the lowest speed o5 ftw e-a^-o*^^ 
■urWng- between one impvi\s* 
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the next, of aooX-02=4 revolntions; and 
since the average speed of the engine should 
be aoo r. p. m., the speed should vary be- 
well to note, at this point in the discussion, 
a mistake that is occasionally made. This 
is, to consider the steadiness of speed as 
tile percent of difference of speed between 
no load and full load. To illustrate : If the 
engine ran at 230 r, p. m. at no load, and at 
313 r. p. m. at full load, then the speed va- 
riation would he considered as 220 — 212^8 
r. p. m., and the engine said to regulate 
within 8-^ai6=3.7X nearly. A little reflec- 
tion will show that the steadiness of tnotion 
is not to be determined by the difference 
between the speeds at no load and at full 
load, this matter being one that is depend- 
ent in a great measure upon the regulating 
power of the governing mechanism ; or, in 
other words, upon the efEciency of the gov- 
ernor. The steadiness of speed between 
one impulse and the next is dependent 
entirely upon the power for storing energy 
that is contained not only 111 the flywheel 
of the engine but in the moving parts of 
the machineiy it is driving. Thus, the ar- 
mature of a dynamo adds somewhat to the 
power of storing energy, as do the pulleys, 
, of any pieces of machinery \ie.YM{, 
•en. In the operation ot e\ec\i\c. i^fftet- 
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ators Tor incandescent lighting, the regu- 
lating power of the engine flywheel is quite 
rreqnently augmented by the use of an ad- 
ditioual flywheel on the arniature shaft, on 
a jack-shaft betweeu the engine and the 
dynamo, or on both the dynamo shait and 
the jack-shaft 

It ia obvious that the rational method of 
calculating the energy storing power re- 
quired in the gss-engine flywheel is to 
make a graphical diagram of the operations 
that take place within the engine cylinder 
and to transform them into a diagram show- 
ing the resultant effect of these forces upon 
tlie crank-pin. There are two ways in which 
this may be done. One of these methods 
considers only the effect of the pressures 
within the cylinder, while the other and 
moat accurate method brings in the effect 
of the reciprocating parts of the engine^ 
i. e., the piston, the connecting-rod and the 
cross-head when it is employed. Both of 
these methods require tedious calculations, 
and the reader iareferredto works of greater 
scope than the present one for description 
and explanation of these metliods. For the 
' a gas engine operating under aver- 
age conditions the following formulas will 
he found to give good results in practice. 
They give vahies that are within a very few 
^st of those obtaineA ftom 1^ 



^t !V= the weight of the (!>-wheel rim in 
pouxiila ; 
J'= the diameter of the flywheel at the 
center of gravity of the riui in 

N^ the r. p. m. of the crankshaft; 
£= the coefficient of unsteadiness per- 
missible ; 
L H. P. X r 



Then (f— - 



(2J) 



ffhea the engine has an impulse at every 

l&urth stroke. If the I. H. P. is taken as the 

P^wer of the engine when operating at less 

r than the maximum number of explosions, 

I the value of the figure in the numerator 

increased in proportion. Thus, 

should the calculations lie made for an 

I. H. P., taken when the engine is n^ttiuR ^n 

impulse only every eighth stroke, the weight 

found by the above formula must he niulli- 

(licd by 2. The value of the coefficient £ 

s of work is given by 

mpetent authorities to be; 

For Pumping and ordinary duties .05 ; 

For driving machine tools 03 ; 

For driving textile machinery, . . . .025; 

For driving dynamos 02 ; 

For driving spinning machinery . .01 ; 
iiarine. 15. AutoTOoAiilea OAV 



L the engine i 
Hssisteil by fiywlieels on a. jack-shaft, ( 
tlie armature shaft of a ilyiia 
machinery it may be driving, the power 
storing effect abould be divided among the 
various flywheels. This is done by first 
deciding what power is stored by the fly- 
wheels on the engine at the coeflicicnt of 
steadiness employed, and then finding by 
means of formula (32) what weight of fly- 
wheel is required on the jaclc-shaft to slure 
the remaintter, using foryaud A' the diam- 
eter to the center of gravity of the jack- 
shaft flywheel and the r. p. m. of the jack- 
shaft. 
The general proportions of a gas-engine 
'heel are shown in Fig. 37. Taking the 
^ameter of the crankshaft as a basi^ uf 
the dimensions of the hub and the Hpokes, 
the proportions are as follows : 

rf^.8cto \.ic. 

b = 4rf to .5rf about This dimensii 
vhuuld, however, be calculated from the 
following formula: 

Wherein B. H. P. =- the masimum brake 
horsepower of the engiui 
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It appears tn be the universal practice to 
ise six spokes for a gaa-engine flywheel. 
The length of the hub should be at least 
> usually from 1.75 to 1.5 times 
the diameter of the crankshaft. The di- 
a of the rim must be made to suit 
requirements of the engine. The width 
of the rim will depend upon whether the 
■ngine will use flywheel as a pulley or not. 
lud upon the weight required. It should 
)e remembered that the wider the rim the 
less will be its weight for a given amonnl 
of energy storage. The outside diameter 
is usually from four to five times the stroke 
of the en;(iae. It is customary to limit the 
speed of the rim to 6,aoo feet per minute, 
Bdiamittrot/)-!^ 




The proper method of balanciug a 
gine, and also the correct formula for cal- 
culating the weight of the balance- weight, 
is a subject of much discussion among en- 
gineers. The writer fiuds it impossible to 
attempt to give .what would be called aver- 
age practice in this regard, so wide is the 
difference of opinion. Prom the conditions 
under which a gas engine operates, espe- 
cially engines with asingle cyliudcr, it is not 
possible to balance an engine perfectly liy 
means of a rotating weight. If the engine 
be balanced for horizontal vibratory effect 
it is found that it is too heavily counterbal- 
anced for vertical movement. It is therefore 
the custom to attempt a medium between 
the two. Some builders balance what they 
consider to be the rotating part of the en- 
gine, and wake no allowance for the recip- 
rocating parts; others balance the totatva-j, 
«ei^ts, and add lo this one ba\i VVe xitw:^- 
ifij 
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rocating weight. By the first metfaod only 
the crankpin, the crankarms and that por- 
tion of the connecting-rod which is consid- 
ered as roEating, is balanced. This gives 
rise to two sets of formulas, which, strange 
to say, give apparently good results in each 
case. The question now remains, what 
proportion of the connecting-rod should 
be considered as having a rotating effect? 
This may best be answered by weighing 
the connecting-rod in the following man- 
ner ; Support the piston end of the rod on 
a trestle or other convenient support, and 
let it rest at a point opposite the center of 
the bearing on a knife edge ; support the 
crank end of the rod on a platform or other 
scales, also by a knife edge, and see that the 
center line of the rod is horizontal. The 
weight of the crank end as shown on the 
scale is that which should be taken for giv- 
ing rotating effect. If, however, five eighths 
of the rod be taken as mtating, the result 
will not be far from wrong. 

Taking tie two cases cited above, the 
following formulas apply: 

Let B ^ the weight of the balance- weight; 
M ^ the weight of the crankpin 
the rotating portio 
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weight of Tctipi 
including ti^e 




of the connectiiig-roil, the 
ton and the piaton-rod and ci 
head in engines that employ 

J ^ weight of both crankarms; 

wj = crank-radius = one half the 

stroke of the engine ; 
/' =i the distance to the center of 

gravity of the crankarm from 

the center of the crankshaft; 
q = distance to center of gravity of 

balance-weight from the center 

of crankshaft; 
Q B = ^'"'^-JJ for bah 






And 5== J — 



ciug the r 
(24) 



for balancing 






the rotating weight and one half 
the reciprocating weight. (24 a) 
The proper place for the balance-weight 
1b considered by a great many designers to 
be undoubtedly on the crankarms. There 
are many builders who place a counter- 
weight on the flywheel near the rim, and 
some who core out the rim on the side of 
the flywheel nearest the crankpin. There 
are two advantages for the latter method; 
one is that the counterweight maybe much 
lighter, eud the other that it is chea.^^ to 
On the other hand, it. va aecesaas^ 






Chaptkr XXII. 

FOUNDATIONS. 

"Without a good foundation, au engine 
may be expected to give more or less troulile 
Ijj vibration, and in time work itself loose 
from such a foundation as has been pro- 
vided for it. No engine should be bolted 
directly to a. floor for anything other than a 
temporary job ; and even when the engine 
is to be placed upon an upper floor a foun- 
dation should be built in a hanging frame 
below the floor. Foundations are uanally 
built of either concrete, stone or brick. On 
top of the concrete is set a capstone, the 
best material forwhich is granite, limestone, 
bluestone, or any stone of a close-grained 
structure may be used for the purpose, but 
the ordinary sandstones will not answer. 

Concrete ahonld be made of good sand 
and a good quality of tenient and broken 
Stont. The stoue should pass tlwroa^b 
Ituv/'incb Hag fjut not go \.Vvroiig\l 



"J 



to make aome alLowaxice in an increase of 

the ^e of the crankshaft over what would 
otherwise be necessary, in order that it will 
withstand the wrenching effect of the conn* 
terbalance when placed in the fiywbecL 






no 



*imilt upon it, should be placed 

wall as practicable. When buildiug the 
fouudation, it is necessary to insert in the 
concrete, gas pipe of an internal diameter 
equal to twice the ouLside diameter of the 
foun (Nation bolts. The iiut or threaded 
plate into which the foundation bolt screws 
is placed at the bottom of the tube, or the 
foundation bolt is set in with the tube. 
After the engine is in place the tubes shoulil 
lie filled with cement. Capstones are not 
necessary with the smaller engines, and it 
is often a good plan to lay wooden lieaiiis 
ou top of the foundations, and to then put 
the engine on top of them, so that wlicn 
the engine frame is bolted down it beds 
itself into the timber. The limlicr cap 
often stops an annoying vibration when it 

vercome in no other way. 
1 In order to determine the proper dimeii- 
au engine foundation for any cii- 
; the following formula will be found 
Kfulr 
k Let 7^ = the weight of the foundation ; 

= the weight of the engine ; 

= the r. p. m. ; 
%Then F ^ .21 £ y/-jf (25) 
l>¥he weight of brick per cu. fl. is irz lb. 
I the wall or foundation. The average 
eight of concrete is 137 lb. per en. ft. It 
k not custoiu/irj' lo laake any iVtteie'ice.Xi 
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Ln i"T'tnir*i :*■ '-It: ^vTi T"- .^-::- 
_-_ "^^7 z»:«:ii t?- c .■ ■ m ... : . 

to 4" M- lis :':»:■■: -.z :.r.i:: "..-:.. . 
building ibe fi-zr L=-tL . : :: 1 :v ,;: -.:•. *• . 
some design erf I'retVr ". . ::...k-. 
"vinih a gradual s-":»:»t. ..^ .: . .;.:■. . ■ • .: . 
dotted liners. The ::u::::»t- . : 
bolts varies from four :.< ti,:.: .... :...;. 
to the size of the en iTi IK N' !i " '.I:..:i :,i.. 
bolts are nsed. aiiil II* iUu iiniiu iKUkiiii 
the necessarv iiuihIkt (»1" hull**, ili%i.lt liu 
horsepowerof thf fiipiK- !•> '». .tl^.tx" umuu 
an even number. Thi- si /is ni tin- i.nii^ i.. 
use, ma\' be (k'teriiiiiu-il :i]i]iiit\iiii.ii( l« ...-^ 
follows ; 
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■/ — tiie Horsepower o; 

= the area of one bolt; 
^ the number of bolts; 



Then y - 



-r'5/^+i-35 



(26) 



It shonld be observed that this formula 
is eutirely an empirical one, and that the 
designer should consider the strain upon 
the holt that is farthest from a line directly 
under the crankshaft, iu cases wherein the 
shaft is at an uiiusual distance from the top 
of the foundation. As a rule it will be 
found that the above formula gives bolts of 
ample size for engines of the usual design. 

In case it is necessary to go very deep to 
find a solid bottom on which to set the 
foundation, piles may be driven over an 
area slightly larger than that taken np liy 
the base of the regular foundation, or a 
crib of timbers laid in. A sub-fouudation 
of timber or piles should lie laid, if pos- 
sible, at a sufficient depth to keep the tim- 
ber covered with water or very damp earlh. 
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Chapter XXIII. 

MISCELLANEOUS FORMULAS. 
The foliowing fomiulas may prove them- 
selves useful to those who desigu or handle 
gas engines : 
For the diameter of the camshafl : 

I^et c -— the diameter of the camshaft ; 
D = the diameter of the cylinder 
in inches ; 
Then e - .057 D ^- .625. 
For the volume of the muffler : 
Let <V= the volume of the miiiHer in 



L == the length of the stroke in 
inches ; 
I Then^=3.sZ?'Z.. 

[ For a closed circulating system of cooling 
E cylinder the capacity of the tanks is 
made from 20 to 50 gallons per I. IF. P. 
Thirty gallons is usually considered an 
ample allowance. The allowance for evap- 
oration is 0.1 gallon per D. H. 1'. ^et hovk^. 
Por water flowing through t\\e '^acVsXIis. 
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ick Grover recommends ^H gallons 

per I. H. P. per hour. 

Tlie proper size of marine engine to use 
for launches from ao ft. to go ft. long may 
be roughly estimated by means of the fol- 
lowing equation : 

Let 5= the length of the boat on the 
load waterline in feet; 
H ^ the horsepower of the engine ; 
Then //"— f —9. 

For the smaller craft, to which so many 
gasoline engines are applied, the usual rules 
for the diameter and pitch of a screw pro- 
peller do not seem to be applicable. The 
author has derived the following empirical 
formula for pleasure boats which use en- 
gines of from I to 12 horsepower. 

Let d ^ the diameter of the propeller 
in inches ; 
// -- the horsepower of the engine ; 
Ji =-- the r. p. 111. ; 
Then for a 3-bladed propeller with pitch 
and diameter equal, 
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For a 2-hladed propeller the diameter 
should he about S% greater than for tire 
3-bladed propeller. It may be a new propo- 
sition to many to make the piteh and the 
lOoaieler equal, as it is the cMsXova ot a 



great many boat builders to make the pitch 
1.3 d. One of the most successful launch 
builders in this country uses the ratio 
pitch = diameter, and speeds his engines 
up to correspond. 
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Chapter XXIV. 



TESTING. 






Every jnaoufacturer of gaa engiiM 
a department known as the testing 
equipped more or less fullj with appai 
for determining, before the engine le 
the factory, if it is working aatisfacto 
The primary objects of the test are, firs 
find out if the governor is so set as to 
the engine its proper speed; second 
means of the indicator, to discover if 
igniter is properly timed, whether or 
the v.ilves open at the proper points in 
cycle, and to see if the compression i 
the right amount. The gas-engine ini 
tor diagram is of value for the determine 
of other points in the workiiig of the eu) 
as has been discussed In Chapter XtV. 
third object of the test is to determii 
the engine ia giving the required amoui 
ioraepower at llie puWe^. fWra^^Vt 
IS the delivered oi broke \\ot*av>'a> 
Oted bv either ttie\eVte!:s'D.'a."e.« 
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It is dctennlncd hj tneatia of s form of ab- 
sorption dynamometer known aa the prony 
brake. The fourth object of the test is the 
determination of the fuel consumption of 
the engine per I. H. P. per hour. 

The necessary apparatus for a gas-engine 
test, as it is usually carried out on the test- 
ingfloor, is as follows ; A good steam-engine 
indicator, with a piston having an area of 
J4 square inch, and, if possible, a pencil 
movement of extra strength, is the princi- 
pal requisite for detennining the I. H. P. 

There are indicators now to be had that 
are designed expressly for the gaa engine 
and with the above features. There should 
also be some good type of reducing motion 
in order that the movements of the stroke 
of the piston may be reduced to a stroke of 
between 2}4" and ^/i", which is the usual 
length of the indicator diagram. There 
should be, if it is possible to obtain it, a test 
meter reading in single cubic feet in order 
that the fuel consumption, when the gas 
engine is used, can be measured with some 
degree of accuracy. There should also be 
a prony brake large enough to be attached 
to a pnlley of considerable diameter. The 
brake should have some means by which its 
grip upon the wheel may be quickly al- 
1, and there should also he a platform 
; and the scale shoulii \ik acou'aSj^ 

iSi ^ 




tested beforehand wifliasl 
(ietertnine if its readiugs are correct. The 
experimenter should be BupplieJ with a 
good form of revolution or speed couuter, 
those being the best which have a soft rub- 
ber lip for placing in the center countemnk 
at the end of the croulcsbaJt. 

For a more refined test tltBii is uenal on 
the testing Boor of a factory there in needed 
a means of measuring the jacket water, 
til ermo meters for taking the temperature ot 
the water before passing into the jacket ami 
as it is leaving, a pyrometer for determin- 
ing the temperature of the exhaust gas«s, 
a pressure gauge or a uianotneter for de- 
termining the pressure of the gas, a ther- 
mometer for determining the temperature of 
the same, a thermometer to be hung on the 
wall near the engine to deteriniuo the tem- 
perature of the room, and a barometer for 
[neasuring the pressure of Uie atmosphere 
at the time the test is made. This appa- 
ratus is necessary only if making the test 
for discovery of faults in design, and when 
it is desired to obtain data upon which to 
make improvements in the engine. It 
would, however, be a good plan to always 
take the pressure of the gas, particularly 
when natural gas is used and the pre&sure 
s than a few ounces per square inch. 
Otherwise the cxpeT'vnieMVtT TOlB.v \»\e4ittto 
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by striving U 

iplion of his engine. No gas ei 

e the factory without hav- 
dergoue a test for speed and for de- 
livered horsepower, nor without several 
indicator diagrams having been taken from 
the engine. 
A gas engine rigged up for the purpose 
king a thorough test is shown in I'ig. 
39. The prony brake is shown applied to 
tbe fljrwheel, and the engine is running 
shown by the arrow. The brake 
consists of the strap a with the blocks 6 
■bearing upon, the periphery of the wheel, 
.1 the brake-arm made of the two boards 
IjTyi Two cast-iron or wrought-iron angles 
placed where the band is parted, and 
i^rough them is put the bolt J, used to 
igliten the brake by means of the threaded 
'. A platform scale is placed at *, 
Lnd the thrust of the brake is applied to 
scale by the uriii y acting through the 
:nife edge ff, the iron block A and the 
n stand / The distance i from the 
of the crankshaft to the- point where 
the knife edge rests upon the block h is 
known as the length of the lever arm. 

The indicator is shown at i, the cord from 
the indicator passing to the smaller drum 
"ng wheel r, and a cord from the 
wheel being attached to ttve ^SaSjatv, 
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M Bhown in the small «kdx:li iit t£e upper 
rinht-haud comer of the figure. To attach 
Ihe cord to the piston a piece of ^" round 
Irou is bent into the shiipe ilhistratcd and 
flattened at the end opposite the eye m. 
Through the flattened portion two holes 
are drilled, and tile rod is fastened to the 
inside of the pistou by meaus of machine 
screws or capholts. 

Water enters the water-jacket thronK'' 
the pipe to, controlled by the valve v, and 
it leaves the jacket through the pipe w. 
Thermometers are placed at / aud i to de- 
a the temperature of tlie water as it 
and as it leaves the jacket These 
do not set directly in the 
but are in small cups filled with oil. 
eaving the jacket the water is caught 
! box S atiil either weighed or meas- 



ured a 



In c 



o receptacles 
mptied while 
Catching the 



desired to weigh the ■ 

should lie provided a 

the other is being filled. 

weight "on the fly" i 

od and should be avoided. When using two 

receptacles, the stream of water should be 

chttllged just at the time the signal is given 

fur taking the reading. 

When it is desired to measure the water 
liy volume, the receptacle may be made in 
the fonn of a boi of the following fiviatw- 

m 



incb in depth will indicate 
lb. of water. These uieasu 
for water at a teniperature 
is about the average ten 
water leaving the water-j 
accurate determiuatioiis 1 
of course, be yreighed. W 
uriiig the water is neccssa 
a thorough test, in order tol 
of heat carried off in the w 
A meter is shown on the 
the gas bag at G. Od the i 
bag, hangs the tliennoiuetei 
ing the temperature of the 
a barometer .V for dctermi 
pheric pressure. The tem 
exhaust gases, as they leav 
1 I ■!! nf » 



fiiel to the air under the various conditions. 

It has beeu tLe custom in many testing 
ronms to compute the volume of the air 
from the difference between the quantity of 
gas entering the cylinder at each working 
stroke and the volume of the piston dis- 
placement. Such a method is an erronous 
one, as there is usually more or less wire- 
drawing, and a certain quantity of the prod- 
ucts of combustion remains from the pre- 
(•ioas tharge, hence the air should be uieas- 



leter. 



In order that the reader niaj- thoroujjidy 
understand the method of making a com- 
plete test and of working up the data, it will 
be explained in its entirety. In ordinary 
testing he may select such portions of the 
complete test as will suit his purpose, ami, 
before starting the test, a log should be 
made out as shown on page iSH. This log 
shows at the head ofeach cohiniu just what 
readings should be taken. The last three 
columns are for convenience when working 
up the data after the test, while the balance 
of the log is for data taken while the test js 
ill progress. 

In making the lest, particularly when a 
large number of readings are to be taken, 
the engineer in charge should have a suffi- 
cient number of assistants, in order Itvat V\ie, 
readinjirs 11107 ^^ taken ininiediateVj aftei 
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tlie sigual. One man should be posted at 

Ihe hrake to keep the pressure upou Ihe 
scale as nearly as possible at the snnic point 
during one run. Another man shovild have 
charge of the indicator, and a third should 
read temperatures, raedsnre the water, and 
take the readings of the two meters and the 
barometer. This gives the third man the 
greatest part of the work, and a fourth man 
could therefore be used to advantage. The 
man in charge of the indicator may also 
take the speed of the engine and count the 
number of explosions pet minute. For 
taking the sp^ed of the engine, a continuous 
counter will be found more convenient thau 
an ordinary speed counter, as the speed can 
be taken in less time. When there are but 
two observers, readings should be taken at 
intervals of ten minutes, and the man in 
charge of the indicator should take all read- 
ings, as the brake requires constant atten- 

The test should be divided into runs, 
each run being luade at the same horse- 
power throughout. One nin should lie 
made at the full power of the engine, 
another at the rated horsepower, and a 
third at no load with the brake off. The 
niher of runs, at horsepowers other tlian 
: above, will depeud upon the size of lUe 
Igiae and the time nt the Au^^os^ ol \Ni.t 



r would suggest 
making a run at quarter load, half load, and 
three-ciuarter load as well as at the loads 
already noted. At least ten rcadiugs sliould 
be taken during each run, and fifteen pr 
twenty readings would be much belter, if 
accurate results are desired. 

The test should, if possible, be in charge 
of a competent engineer. He should be 
provided with a whistle which should be 
blown as a preparatory signal thirty seconds 
before the time of taking the reading. Two 
blasts of the whistle should be the prepara- 
tory signal and one blast should be the 
signal for taking the readings. Promptness 
should be observed, each man taking Ids 
post at the preparatory signal. Under no 
circumstances should au outsider be allowed 
to interfere, and, above all, no one but an 
observer engaged upon the test should be 
permitted to take a reading. Always enter 
the data upon the regular log. Keeping 
notes upon loose slips of paper leads to 
confusion, and it should be avoided. 

At some convenient time, either before or 
Qfter the lest, the diameter of the piston, 
the length of tlie stroke, and the clearance 
sliould be carefully measured. In order l<. 
measure the clearance, VVie cratCs. %\ui>e&&\w. 
placed exactly upon \\.s \ui\ei 4«»4 ctnAes 
aad the valves firmly sca\£A- 'il"'*' 




pression space so that it is just full and uo 
, being careful to spill none of tlie 
water. Then weigh the t 
ami the difference between the two weights 
will he the quantity necessary to fill the 
compression space. Water at 39.1° F. weighs 
62.5 lb. per cii. ft. and dividing the weight 
of the water taken to fill the compression 
space, by 62.5 gives' the volume in cu. ft. If 
the water is much wanner than 39.]°, tlit 
weight may be fonud by the following 
formula : 




= Wl.per. 



1. fL 
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a i = the temperature of the water. 
' This formula gives a close approximation 
to tlie correct weight. For the usual hy- 
drant temperatures, dividiug by 62.5 gives 
results suificiently close for the purpose. 

In making up a report of the test, the 
form shown on page 192 will be found con- 
venient. The first line should be filled in 
with the ualne of the engine and the 
manufacturer, the second line with the 
name of the party by whom the test is 
made or the engineering firm of which he 
is the representative, and the third line by 

K locality at which the test is made, to- 
erwith (he date. 



Report op Test. 

Cos Engine. 

Test made by 

Al. 19.... 



' DiuENSioN-fi OF Engine. 

Diameter of piston Iti- 

Area of pisloii. . . Stj. iii- 

LciiKtli of stroke Ft 

Piston ilis[il:iceiii(Mit . . Cu. ft. 

Clearance Cu. ft. 



Data, 

iJuratioll trial . Hrs. 

Gas per hour Cu. ft. 

Air per hour .... Cu. ft, 

Riilio, jjas to iiir 

Jflcket-wate piT hour. . . T,b. 

Jackcl-water Ittllpetature, inlet 

Jacket-water tempera lure, outlet . . . . 
jAcket-wate temperature, rauKc. .K.'' 
I< I- vol u lions per minute . . . .Average. 

inte. . , 





UplosioilSlK 


/ 


■vv'/"-io„si.. 


T 


»Jj.<r;iture 
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Length of lever arm Ft 

Brake load, average hh 

Gas — ^Weight of cubic foot Lb 

Air — Weight of cubic foot Lb 

Mixture — ^Weight of cubic foot . . . Lb. 

Specific heat, gas 

Specific heat, air 

Specific heat, mixture 

Heat value cu. ft. gas B. T. U. 

RESUI^TS. 

Work — Ft. lb. per min Average. 

Work — Ft. lb. per hour Average. 

D. H. P Average. 

Indicated M. E. P Average. 

Indicated H. P Average. 

Gas per I. H. P Cu. ft. 

Gas per D. H. P Cu. ft. 

Mech. EfF. D., H. P. f I. II. P 

Friction Loss I. H. P.— IX H. P .... 



Heat per Hour. 

Supplied by gas 

Absorbed by jacket-water. . 

Exhausted 

Absorbed in work 

Radiation 



.B. T. U. 
. B. T. U. 
. B. T. U. 
. B. T. U 
.B. T. V 



Thermal efficiency. 
B. T. r. per I. II. P. 



Percent 
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A great many of the items in the report 
need no explanation, and only those that 
are not likely to be understood by the 
reader will be explained. The percentage 
of clearance is found by dividing the vol- 
ume of the clearance by the piston dis- 
placement. The ratio of the gas to the air 
is the quantity of gas used per hour divided 
by the quantit}^ of air. In engines which 
take air into the cylinder at each cycle 
whether gas enters or not, the ratio may be 
obtained only when the engine runs with- 
out missing an explosion. The range of 
temperature for the jacket water is the 
difference betw^een the temperatures of the 
outlet and the inlet water. The weight of 
the gas may be obtained from the gas com- 
pany or it may be computed from the 
results of an analysis of the gas by multi- 
plying the weight of a cubic foot of each 
constituent by the percent contained in the 
gas and adding the results. The following 
table gives the weights per cu. ft of those 
gases which occur most frequently and in 
the greatest quantities in gases used for gas 
engines, together with their specific beat 
at constant volume. 
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Marsh gas 1^447 

Olefmes 1174 .33*! 

Hydrogen 00559 

Carbon monoxide 07S3 

Nitrogen -^l^i 

Carbon dioxide 1060 

Oxygen lo6u 

Tbese weights are for the gases when at 
[Ml atmospheric pressure of 14.7 lb. per sq. 
in. and a temperature of 33° F. The spe- 
cific heat of a mixture may be found in the 
sanie manner as the weiglit, by multiplying; 
the specific heat for each gas by the percent 
contained in the fuel and adding the resulls. 
The weight of air at 32° F. and at a pres- 
sure of 14.7 lb. per sq. in. is .0S0S2 Ih. The 
specific heat of air Dt constant volume is 
.1688. The weight of a cu. fL of the mix- 
ture may be found by multiplyiiig tl'e 
weight of the gas as already found by the 
LjKTceut of gas in the mixture, and then 
InDltiplying the weight of air per cu. ft. by 
MO)e percent in the mixture. The sum of 
Hpeae two results will be the weight of the 
Hitlxtnre. The heat value of the gas should 
^Bw evMy case be determined at a laboratory. 
^nnim it is necessary to know the heat value 
B^ JIMBpte of the gas should 1>e sent to 8. ta.h- 
WUttXoryr for examinatiou, Vakvn.^ s^ixi-^u^ c^ 



ftae ^B atvanoos times ana mixiBg taeis ) 
to obtain au average. The heat values of 
various fuels will be found in Tnble I ; but 
gas is ail uncertain quautity in this respect, 
aud the table is not to be relied upon when 
accurate results are desired. 

Always, when making a gas-engine lest, 
the volumes of the gases, both air and fuel, 
should be reduced to a standard tempera- 
ture aud atmospheric pressure for the pur- 
pose of comparison. It has long been the 
custom of engineers to use as standard.! 
the temperature of freezing water and thi 
average pressure of the atmosphere at the 
sea level, or 30" of mercury. To reduce 
the gas from the volume at which the lepi 
is Ulaile to its corresponding volume at 32' 
and at 30" of mercury in the barometer, 
the following formula should be used; 



Let r = 


= the temper at ur 
the test ; 


eal 


. the time of 


/= 


= the pressure it 


1 inches of mer- 


L 


cury; 
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' the volume at this 


pressure ami 
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temperature; 
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= the volume at 
aud at 32" F. 
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■ of mercury ! 
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The pressure by barometric 
bceu used ill this fonnulii, as 
ient than the ordinary method of ci 
jug on the basis of presBure in lb. per sq. in. 
In order to reduce the pressure of the gas, 
when measured iu inches of water, to au 
equivalent pressure in inches of mercury, 
divide the pressure in inches of water by 
13.62. If the pressure of the gas is meas- 
ured in lb. per sq. in., multiply this pres- 
sure by a.033 to reduce to inches of mercury. 
These ratios are for temperatures of 32° P., 
and mil] be found sufficiently accurate for 
ordinary temperatures without temperature 

The work iu foot pounds per minute is 
imputed from the indicator diagram. It 
continued product of the M. E. P., 
he area of the cylinder iu sq. iu., the leugth 
if the stroke in feet and the number of 
explosions per minute. The quantity of 
tleat supplied bj* the gas per hour is the 
■oduot of the heat value of the gas per eu. 
by the number of cu. ft. used per hour. 
The heat absorbed by lie jacket water is 
the product of the temperature range by 
the weight of the water supplied. The heat 
absorbed in work is the uuniber of ft. lb. 
Ekt hour divided by the number 778, aa 778 
B. lb. » the equivalent of a. B, T- \3. llftniiAi. 
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A British thermal unit is 
the quantity of heat necessary to raise one 
il of water through a temperature of 
one degree KahTenheit. The heat carried 
off by the exhaust gases is found by the 
formula given below : 
Let ^' =^ the specific heat of the mixture ; 
aj ^ the weight of i cu. O. of the mix- 
ture in pounds; 
J ■= the quantity of the mixture in 

cu. ft. exhausted per hour; 

T -^ the temperature of the room or 

the average teniperature of the 

air and gas entering the engine; 

7''= temperature of the exhaust as 

measured by the pyrometer; 
(/= the quantity of heat carried off 
by the exhaust in one hour. 
Then (.'- Stu^ ( V—T). (3j) 
The volume of the mixture passing 
through the exhaust, is the sum of the gas 
aud the air used by the eugine, aud it in- 
cludes all air passing through the exhaust 
for any reason. 

The heat otherwise unaccounted for, and 
dttermined by subtracting the above three 
results froni the Iieat supplied by the gas, 
ia usually credited to loss by radiation. To 
he strictly accural-e, \.\ie *i>iavit\Vj oC un- 
luriitd fuel passint; tiMOMft"^!- *-'^w; ■erfVi'ia'sX 
'bould be determined, a^^*\ V\.<^ "a**- -^■• 
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)f this waste fuel subtracted from that snp- 

plied by the fuel taken into the ciigiue. 

The thermal efficiency is the quotient of 
Ihe heat absorbed in wort divided by the 
Ileal supplied to the engine in the fuel. It 
Is usually written as a percentage, and it is 
Lhe only basis upon which two engines 
should be compared for efficiency. 

The indicated horsepower of a gas engine 
is determined from the indicator diagrain. 
The area of the diagrani should first be 
found by means of planimeter.* 

The M.E. P. is determined by multiplying 
the mean ordinate by the scale of the indi- 
cator spring. lu indicators usiug a special 
piston for indicating the gas engine, with 
an area of the spring of ^ sq. in., the scale 
of the spring must he multiplied by two for 
the scale of the diagrani, unless it is ex- 
pressly marked for the smaller piston. 

To fiud the I. H. P., when the M. E. P. is 
known, the following formula should be 



/. H. P. - f^ (34) 
33,000 

Wherein P = the M. E. P. ; 

/ = the length of the stroke in 

feet; 
a = the area of the piston in 

sq. in. ; 
n = the number of explosions 
per minute. 
The reader should observe the difference 
between the value of n in this formula and 
value of the same letter in the similar for- 
mula for steam engines. In the formula 
for the steam engine, n is the symbol for 
the number of revolutions per minute. 

To find the D. H. P. of the engine, the 
length of the brakearm — Z, Fig. 39 — the 
r. p. m. and the pressure exerted upon the 
scale must be known. The formula for the 
D. H. P. is : 

£>. H. P. — .0001904 //« (35). 
Wherein p = the pressure upon the scale 

(net) ; 
/ == the length of the brakearm ; 
;/ = the r. p. m. 
The net pressure upon the scale should 
be found by subtracting the pressure ex- 
erted upon the scale by the unbalanced 
portxon of the brakeaiTm axi^ NSaa >n^\^\. q5: 
ihii block j\ Vig. 39, iTom\.\i«:\o'<a5LVt^%'5.>arv^ 
exerted upon Uie sca\^. ^^ ^^^^^ "^^ ^-^^ 
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the efiect of fhe unbalanced portiou of the 

hrakearm, proceed in the following man- 
ner; When tlie engine is not running, have 
a man stand npon the scale platforuiand 
balauce his weight, i, e., weigh Iiiin. Now 
balance the scale when he has hold of the 
bralceanu and is pulling upward against a 
slight friction on the brakewbeel or puUey, 
and again when the wan is pushing down 
on the arm. The brakearni should be 
grasped close by the knife edge and the 
scale balanced when the brake is in motion. 
Add together the weight on the scale wlien 
the brakearm is being pulled up and the 
wfiglit when it is being pushed down, and 
subtract the weight of the man from half this 
sum. Tlie result will be the pressure due 
to the unbalanced portion of the arm. Thus, 
suppose the man to weigh i6a lb. and that 
when the arm is being pulled up the scale 
balances at iSo lb., while wlicn the arm is 
^ing pushed dowu, the scale balances at 
lb., the effect of the arm would be : 
t7o4i3° _,6„_,3,l, 

When making a brake test the man in 

charge of the brake should keep constant 

watch of the scale beam, with his hand 

always on the lever e. Fig. 39. Owing to 

^^tbe wide fluctuations in pieasuTe vi^'Q ■is.'^ 

^^AJ^on of a gas engine, espei^BlV^'w %.Vo^■~ 






and-miss engine, this is no easy task, and a 
good man should be selected for this post. 
The scale beam should be kept floating at 
all times, otherwise all the computations 
for D. H. P. will have no good foundation. 
When making a brake test of any duration, 
or when the engine is a large one, running 
water should be kept on the band while the 
engine is going. 

On the factory testing floor, it is not cus- 
tomary to do any more than take tjie D. H. 
P., the I. II. P. and the fuel consumption. 
Sometimes a brake test only is made. It is 
always best, however, to take a sufficient 
number of indicator diagrams to determine 
if the ignition is properly timed and if 
there is any derangement of the valves. 
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Chapter XXV. 

SELECTION. 

I In selecting a gas engine beware, first of 
, of the oily tongue of the BHlesiiian. 
Kvery gas-engine manufacturer makes the 
■' beat gas engine on earth." Yet tlie mar- 
ket is overstockeil with poor gas engines. 
To find out what gas engine is best adapted 
lu your special line of work, consult several 
users of gas engines who are employing the 
engines for the same class of niathinery 
which you intend to drive. The engine 
that will give satisfactory service pumping 
water may be a good engine for running 
an electric light plant, but it is doubtful if 
the regulation is sufficiently close for the 
purpose. On the other hand, the engine 
having heavy flywheels and a sensitive 
governing device, Imilt expressly lo meet 
the rigid requirements of an electric lighting 
service, is too costly a machine to Ije pur- 
chased for pumping water, because a cheaper 
engine wiJJ answer the jiv\rpose '^Ms^.as'^iSk^ 
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iiud the difference may be placed in the 

When you go to consult your neighbor 
with refere^ice to liia engine he prepared 
with questions regarding the operation of 
tile engine, and also make it a point to see 
tlie engine in operation and watch it at 
work. Then lind out as nearly as possible 
bow much the engine costs the owner for 
repairs, aur! how often and for how long the 
engine has been laid up for repairs. Deter- 
mine the time since the eugine left the fac- 
tory, and whether it has been in constant 
service ever since that time. If the engine is 
in a lilthy condition, or if it is running with 
its parlB out of joint when it is apparent 
that they could just as well be adjusted to 
run properly, score a few points in favor o 
the engine and against the engineer. An 
engine that will do fairly good work under 
bad management has something to n 
mend it. If,_ however, the engine if 
and al) possible adjustments made, a 
is running in a noisy, jerky way, i 
point against it, . 

If the engine is counterbalanced with the 

counterweights in the flywheel, stand i 

position in line with the axis of the cylin 

rfer and ohserve it Uie ft-jijVeeVwTKaiMnis | 

I Irae «( the side, if W &via'ia\*«;Vwaft.'iB " 

|fr is a Bigii that tUe ^lanVsW^"* ■^^'''^ 



Wby the cou titer wei;^ht Determine if the 

■ bearings give much trouble from overheat- 

■ ing. especially when the engine is working 
Blunder full load. Ask if the igniter mechau- 
Kism gives much trouble, and if frequent re- 
vnewals of its various parts are necessary, 
f In fact, the necessity for the frequent re- 
f newa] of Huy part of the engine is a black 
I mark against it. 

I Find out how much attention, on an 
b«verage, the engine requires per day, and 
Kost what the nature of this attention ia. 
B'Ifthe engine is required to run a dynamo 
Bab a considerable proportion of its load, 
VWHtch the lights when the dynamo is ruu- 
KBtng. If the lights show no perceptible 
Vwinking, when the light is observed indi- 
Brectly, the engine will give satisfactory ser- 
Kvice for electric lighting purposes. A good 
Hmj to testa light is to try to read fine print 
pby it. If the light throbs to too great an 
extent, the tlirobbing will be quite distinct 
aud the eyes will quickly tire. If the pres- 
sure on the lilies is loo volts, the swing oi 
the volt-meter needle should not exceed 
two volts when swaying back and forth. 
On a 50-voU circuit this awing should not 
■ volt, or 3% of the pressure, in 



shakes lons.ideta.lA'j taENv 




:";/'.] time it receives an impulse, the trout 

due to an insufficient foundation, but i; 
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shaking continues when the engine is 
ning light, i. ^., between explosions 
effect is due to improper balancing. 

In general, select an engine witi 
fewest number of parts, and with the 
so arranged that they may be easily rea 
in case of accident or when repairs ol 
kind are necessary. Don't think, be< 
W . : 3 the parts are encased, that the engin( 

•i '•^fl simple one, for the opposite may be 

^.'',?H case. An engine with an enclosed me( 

.;J.;H ism may be a very good one for all 

The point that the writer wishes to im; 

upon the reader is, that it should ri< 

necessary to pull the entire engine to p 

^ -; 3 in order to make some insignificant r 

or adjustment. 
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I^KNGTH OK A C\XINDRICAI, TANK RKOUIRRD 
TO HOI.D ONE GAI^IyON. 



Diaiii. 


Length 


Diam. 


Length 


Ft. In. 


per gal. 
in feet 


Ft In. 


per gal. 
in feet. 


1 


.1704 


11 


.00141 


1 3 


.108 


11 3 


.00131 


1 6 


.0756 


11 6 


.00129 


1 9 


.0566 


11 9 


.0012:} 


2 


.043 


12 


.00118 


2 8 


.0337 


12 3 


.00113 


2 6 


.0273 


12 


.00109 


2 9 


.022> 


12 9 


.ooia5 


3 


.0189 


13 


.00101 


8 3 


.0161 


13 :{ 


.(K)0970 


3 6 


.0139 


13 6 


.(KX)*)34 


8 9 


.0121 


13 1» 


.(K)0901 


4 


.0106 


14 


.000868 


4 3 


.00943 


14 :i 


.000838 


4 6 


.00841 


14 C 


.000H09 


4 9 


.007.'>5 


14 \i 


.(K)07S2 


5 


.00681 


15 


.()()0756 


6 3 


.00617 


15 :; 


.()007:J2 


5 6 


.00.')64 


15 6 


.(KK)70S 


T) 9 


.00515 


15 9 


.(HH)686 


G 


.00472 


16 


.0()0«i«v) 


6 3 


.0O4.S5 


K) 3 


.000645 


6 G 


.0040:? 


1() C 


.()0(H)25 


C 9 


.00374 


10 9 


.000(506 


7 


.00*47 


17 


.000589 


7 3 


.00323 


17 :5 


.0(X)572 


7 6 


.oaso:j 


17 6 


.000.').'>6 


7 9 


.0028.T 


17 1> 


.000540 


8 


.002GG 


IS 


.00a')25 


8 3 


.00250 


18 3 


.000511 


8 6 


.002:V> 


IS 6 


.000497 


8 9 


.00222 


IS 1) 


.000484 


9 


.00210 


19 


.000471 


9 3 


.001 W 


19 3 


.000159 


9 G 


.00189 


19 6 


,00(M48 


tt 9 


.00171) 


1 9 9 


.0004:57 


10 


.00170 


20 


.00042r. 


10 3 


.00162 


20 :i 


.(KXVii:. 


10 6 


.00154 


20 <> 


.000405 


10 9 


.00147 


20 9 


.om^s 
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CISCUHfBRBNCfiS AND ARKAS ^^^| 


OF ^^^1 


— _■ 


l)iUD. 


Ciraum. 


Are«, 


J^ 


Cir«.m. 


..^ 


1-W 


.U9W 


,00019 


3Ulfi 




.ODSIH 


.0UW7 








S-M 


.HMfl 


.ouna 


A 








.IBKIS 




a.730G 


'■if|Zs 


S-Kl 


-ZHta 


ifloouu 


^^« 


3.9270 




A 


.S1H70 


.01327 






.4SaK7 


.01)117 


% 






3-16 


JWMfi 




Tifo 
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APPENDIX. 

TWO CYCLE ENGINES. 



^ The accomp Haying table of Iwo-cycle en- 
gine dimensions is, in the main, self-explan- 
atory. A few remarks may help to avoid 
cunfnsion on the part of the reader. The 
horsepowers in the first column are the 
rated horsepowers of the engines, and are 
leas than the maximum which the engines 
are capable of giving. Where not other- 
wise stated, the dimensions given are the 
diameters of the various parts, and all di- 
mensions are in inches. The figures under 
"CyL Wall " and under "Jacket Wall " indi- 
cate the thickness in each particular case. 
The " face " of the flywheel is the thickness 
of the rim in a direction parallel to the b-tis 
of the crankshaft. The widths of the con- 
necting rod ends are the lengths also of the 
respective pins. Uuderthe head of "ports," 
the first i-olumti gives the distance across 
the exhaust port opening measured along 
the directiou of the pistou V(a.\e\. "tVe 
second calamu gives a liVe fl.HweTJ.wyo.tat 



the inlet port Under "WitlUi" is gtvett I 

what 15, strictly speakiug, the length of the , 
part, and this dimension is that n 
along the circumferente of the inside of the 
cylinder. The " Drop " ia the distance 
measured along the direction of the piston 
travel that the edge of the inlet port is be- 
yond the edge of the exhaust port. The 
edgjs considered are those first crossed by 
the piston on its outward or downward 
stroke, and the direction is that toward the 
crankshaft. Thus, in a two horsepower en- 
gine, the exhaust port is uncovered for a 
distance of j^ inch before the inlet port 
begins to open. 

In a two-cycle engine it is of the utmost 
iiuportauce that there should be «o leakage 
from the crank-cb amber, and in order I 
insure good results in this respect it i 
advisable to make the length of the crank- 
shaft bearing from a"^ to 3 limes Uie diam- 
eter of the shaft, the latter being the di- 
mension most preferred. 

On the piston it is customary to use three 
rings, two of which are placed at the work- 
ing end and tlie other at the crank end (as 
in Fig. 33 at 7.) for the pump cylinder. 
especially ituporUinl that the piston should 
be flu e.xceediiiKly g<*oi 6t Vottve t^\\\ii«. 
fnd it should, therefore, \\ave a.vMt*tfi.\»« 
W. A good plan is to u^ai.fttt«-S" 



light-driving fit and to scrape the high por- 
tions. After a good bearing is obtained the 
crankshaft and the connecting rod are put 
in place with the piston, and a belt from the 
line shaft is put on the flywheel. The en- 
gine is then run by this means for several 
days in order to wear it to place. Some 
manufacturers even go far as to grind the 
bore of the cylinder on a grinding machine. 
The piston rings should be at least j/g inch 
wider than the ports. The ports them- 
selves are either cored in the cylinder or 
milled in, according to the fancy of the 
maker. Bars are sometimes, but not always, 
left across the ports. Very large engines 
often have two bars. 

Annoyance is sometimes experienced 
with both two-cycle and four-cycle engines 
when they are operating with jacket water 
supplied under pressure and even under 
the ordinary head of the closed circulating 
system by water getting into the cylinder 
from the jacket. For this reason all water 
jackets should be tested under a water 
pressure of at least 60 lb. after the cylinder 
has been bored. If leaks into the cylinder 
are discovered, the jacket should be filled 
with a mixture of water and sal ammoniac 
in. the proportion of about two ounces of sal 
ammoniac to one quart of water, and this 
solution should be left to v>\.aT\i\ \\\\X\^\'aJ^'^ 
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explosion, and the water should enter as 
close to the exhaust port as it is possible to 
place the inlet-pipe. It should leave the 
jacket at the highest point of the engine. 
The inlet should also be as close to the bot- 
tom of the jacket as possible. Avoid all 
pockets vhere steam can collect. A drain 
cock shou \ be provided at the lowest point 
of the jack<. t in order that it may be emptied 
in freezing weather. 

When designing the passages to and from 
the cylinder, make it a point to avoid square 
corners in order to prevent the formation of 
eddy currents in the gases. This is espe- 
cially important regarding the passage from 
the crank-chamber to the cylinder, as eddy 
currents serve to choke the passages. 

The proportions of a marine flywheel are 
shown in Fig. 40. The equations employed 
are made up from the average of two-cycle 
practice. The proportions are as follows: 

f=2C 
i=2C 

t=i 
3 

Wherein S=the stroke of the engine. 
In the table of dm\et\s\otiSoi\>afe\?«^-^'^Q.le 
eiifrjjies, the last eqwa\.\ou \% xi^V ^V^vt^ V^.- 
Jowed, and the foimvi\2. T>=i^^^" ^««^^^ 



necessary to follow precisely tile results 
given by either of these equations, but they 
give results that are very close to average 
practice. The thicknesa of the rim meas- 
ured aloug the radius of the wheel depends 
upon the weight. This should he found hy 
the use of formula (22) on page 163. When 
designing a marine flywheel it is necessary 
to make the diameter as small as practi cable 
in order that crank-shaft may lie low in the 
boat. It should also be remembered that 
the larger the diameter of the wheel the 
less will be its weight for the same service. 
The length of the connecting rod, which 
is understood to be the distance between 
the centers of the bearings, is made twice the 
stroke hy a great many builders, allhough 
some make it as short as 1^4 times the 
stroke. By consulting the table it will he 
seen that the tendeucyia to make the stroke 
slightly less than the diameter of the cylin- 
4er. This is done in order to get the engine 
as short as practicable. While this gain is 
an advantage in marine engines, itis not an 
assistant to the fuel economy, but rather the 

The drop of the inlet port below the ex- 
haust is a much discussed question. In 
some of the earlier two-cycle engines the 
top edge of the inlet port, viaa ■^■\»Kft&. «■».*- 
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line with the lower eAge of the exhaust 
port, thus giving a drop equal to the width 
of the exhaust port. In the table it will be 
seen that the drop is very slight, and it is 
claimed hy some tnanufai^turers that the 
drop should be zero, i. e,, the upper edges 
of the porta should be exactly in liue. This 
Is sometimes called " making the ports 

It is now considered good practice to 

griud in the cylinder head, the igniter plug 
and other similar parts of the engine. Cop- 
per gaskets are also used for this purpose, 
especially in the joint of the igniter plug. 
Thick paper and sheet asbestos is also em- 
ployed, while tile side plates of the crauk- 
case are often put up with a sheet-lead 
gasket. 

On the air-inlet valve or othervalvea not 
subjected to high temperatures, leallier is 
quite frequently used to stop the noise. 

It is 3. good plnu to pickle all castings, 
and a mixture of one part muriatic acid and 
twenty parts water will be found about rtgh I 
for this purpose. The castings should be 
left in the pickle for about 48 hours. 

The use of brass bushings for vaporizer 
stems will prevent them from rusting. 
well to use a brass bushing o 



j^L IS also well to use a brass bushing ou all 
^^■palve stems, especially if the engine is lo 
^^Btonseil iu the aeigh'boi\ioci& <iC salt water. 

1^^^ ^^fl 



For the electrodes of a hammer-break 
igniter, brass pins have been found better 
than steel. Silver, or platinum, and, in 
many cases, a hard platinum-iridium alloy 
has been found to last better than either of 
the two first mentioned materials. 

Candle wicking and ordinary brown soap 
have been found the best combination for 
packing gasoline valve stems, and soap 
should be used instead of oil or white lead 
for lubricating the threads of pipe on the 
gasoline circuit. 

Both ends of the connecting-rod and the 
crankshaft bearings in the side plates should 
have brass bushings. The diameter of the 
piston pin is, approximately,^ that of the 
piston. 

So design the engine that the piston and 
the valves may be removed in the shortest 
possible length of time and without special 
tools. 

All cams, rollers and small pins, subject 
to wear, should be case-hardened when it is 
practicable to do so. 

Many two-cycle engines having hammer- 
break igniters, have the igniter mechanism 
so arranged that the igniter will snap just 
before the end of the up-stroke, no matter 
which way the engine is running, and with- 
out changing the trip. On such engines it 
is not necessary to turn W\e^ ^iw^wv^ ox^xvc^ 
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the direction it is to run, called "cranking 
the engine." It suffices to swing the fly- 
wheel back and forth through a small arc 
until sufficient charge is pumped into the 
cylinder, and then to give the wheel a quick 
turn in a direction opposite to the running 
direction and far enough to secure an igni- 
tion, when the engine will start. If, when 
stopping, the igniter current is turned off 
before the gasoline valve or the throttle, 
sufficient mixture will remain in the cylin- 
der to start the engine with one swing of 
the wheel. It will take a little practice to 
get the knack of this operation, but it is a 
time and a muscle saver. 

A gentleman in Florida recently wrote 
the author that much annoyance would be 
vSaved the gas engine user if the cylinder oil 
were turned off a few minutes before stop- 
ping the engine previous to long shut down. 
This will allow the oil to be entirely burned 
out of the cylinder and save an accumula- 
tion of gum- which will quite often bind the 
packing rings fast in their grooves. 

. Splitting the packing rings of a gas en- 
gine piston by a straight cut, at an angle of 
about 45° to the side of ring, is not approved 
of by experienced dcvsigners. This method 
is good enough until the ring begins to 
^year, j)rovided the two ends of the ring are 
^lose together at l\\e s^VaxV. ks \\ife tvu^s 
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wear, the «{Ait opens, and gases escape past 

tlie piston, causing loss of compression and 
a consequent loss of power. The better 
way is to divide tlie rings with a Z shaped 
split, the midline of the split being parallel 
to the sides of the ring. With a properly 
made division of this sort the ring will hold 
the gases back even when considerably 

Jump-Spark Ignition.— For engines run- 
ning at speeds higher than 800 r. p. m., the 
hammer-break igniter has been found to 
give considerable trouble. The jump-spark 
method is usually employed for speeds 
above 800 r. p. ni. . For a general descrip- 
tion of this method the reader is referred to 
page 67. Instead of a J^-iiieh spark gap, as 
recommended on page 71, most makers of 
plugs now iise a gap of from .ol to .04 inch, 
the latter being the thickness of a dime. 

There seems to be quite a large difference 
of opinion amongthe makers of jump-spark 
coils aa to just what combination produces 
the best results. For a coil Iliat will oper- 
ate auccessfidly on a storage battery of one 
cell, an experienced electrical-instrument 
maker recommends the following: Make a 
core 5*4 inches long of No. 22 iron stove- 
wire which has been carefully annealed, 
laying the wires side by side a-iii ij.««.-t,»- 
suScieut number to maLte a. ViwiSia '^^'^ 



Iirightened, l)ut should have a goad covering 
of blatk oxide, with which they usnally be- 
come coated during annealing. It will al- 
so iniprove the core, if the wires are dipped 
in thin shellac varnish and allowed to dry 
before beiug bunched. The core should 
then be bound together with a thread, in 
order to hold the wires together, and over 
it should lie slipped a tube of fiber insula- 
tion, or it should be covered with two or 
three layers of paper thai has been well 
soaked ill paraffine was. On this paper, or 
OH the lube, sliould be wound three laj-ers 
of No. i6 cotton -covered magnet wire, 
making the length of the winding about 5 
inches long. This will require about 70 
turns per layer and about lojj ounces of 
wire. Nest, cover this winding with paper 
or fiber insulation, and on this wind ^ lb. of 
No. 36 magnet wire. After the coil is fin- 
ished it should be bailed in wax (4^ bees- 
wax and )i paraffine wax], and placed in a 
wooden box which is large enough to leave 
a space of at least ?^ inch between the box 
and the coil, and the space should he filled 
with wax. This coil will require two volts 
and about % to i ampere of current to 
. operate it. 

.4uoIher combination recommended i» n 
1 inch diameter, 6Vi iuckea \oa'^-«AJ& 
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iayeja of No. iS wire and a secondary of 
7, lb. of No. 28. This coil will operate liest 
on about 4 toUs and 2 amperes. A battery 
of eight chloride-of -silver cells, connected 
four in aeries, has been used quite success- 
fully in connection with a jump-spark coil. 
A condenser in parallel with the primary 
employed to lessen the heat of the 

■«park formed at the break of the primary in- 

Mtermpter. See Fig. 10 for method of con- 

■necting. For the first 

Bjcondenser, having 2,i]oo 
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rface 



;nded. 
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Premature Ignition. — In addition to 
kwbat was said on this subject on page 37, it 
may be remarked that much of the trouble 
from premature ignition is caused by im- 
proper location or poor design of the ig- 
niter points. If these are long and slender 
they will become heated to incandescence 
aftertheengine has been running for a short 
lime, and in some instances they have been 
known to burn aS. Igniter points should 
be short and thick, and they should be so 
placed that they are in the path of the in- 
coming new charge, in order to get the 
cooling effect of the charge. The plug 
should be surrounded with a watet ■svskk 
Hs cJosely as pracUca.\>\s;. Y\aKKvk^ ^^^ "^* 
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Bf FouNiiATiON Bolts. —Instead of thej 

^^ iind t1ie threaded imt so generally em^ 

^^H Tor the lower end of the foundation b<l| 

^^H showu in Fig. 38, at least one gas-ei^ 

H^B maker has adopted the plan of tumtn] 

^^r eye iu the end of ttve lioU and slippi; 

short piece of iron tod \.\vt(im^NS- 
not otrly more coweiueB\-^« lai^e.'^ 
'threaded end and plaW.'biA '^"^ 



u the path of the eshaust gasei) 
same time away from the cooliu) 
e of the fresh charge has been 
ductive of untold annoyance to at least 
proTiiinent builder. 

A sharp corner, especially if it 
ill the path of the exhaust, -will fre j 
collect carbon in thin fialces wblcHl 
e white hot after the engine bas 1 
running a short while. While heatinf 
r before it strikes the gasoline, is resc 
1 in gasoline engine practice to assii 
Ibe vaporization of the fuel; if it be 
xcess, premature ignition is li 
For this reason it is advia 
ange the heate: that the tern 
nture may be at all times under the 
trol of the operator. This may lie < 
by liaving a by-pass around the heate 
that a portion of the air nay pass din 
to the intake, and IhL-. - mix with tht 
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ents tbe bolt from turuing when holt- 
'ing liowu the engine. 

Blast Furnace Gas Engines. — The dif- 
ficulty of igniting the weak gases which are 
I the by-product of the blast furnace has 
been entirely surmounted in its use as a fuel 
for gas engines. Wheti compressed to pres- 

s of Irom no tu 135 lb. the gas iguites 
witliout difficulty. The espected difficulty 
with dust from the furnaces has been found 
tobc more imaginary than rcal,and the elab- 

i cleaning devices which were at first 
employed are no longer used, the gas pass- 
ing directly from the furnaces to the engine. 

imputing the dimensions of a gas en- 
gine for use oil blast furnace gas. the value 
for X, in formula 5, ou page 124. should be 
Blade 30,500, and the forniula for blast fur- 
nace engines would then be 

Many engines of the two-cycle type, with 
m air-pump in a separate cylinder, have 
.been used for blast furnace gas. In these 
■ engines the air-pump first sends a charge 
of pure air into the working cylinder, clear- 
ing it entirely of all products of combustion 
(scavenging), and afterward the supply of 
1 gas and air is pumped in. The li^M.'^tw-, 




capes tWeu^ \ 
engines make X=io,3(o. 

Producbr-Gas Enginbs.^ 
operating on produc 
thracite coal or from coke B 
(luced in locations where it is tHK 
to use steam engines or gasoliBCy 
Gas engines will readily give anJ 
hoTSepower on a coal consumpti« 
than 1. 5 lb. per hour for the anM 
and on Itss than one pound pCT 
engines of several hundred hor 
Engines operating on producer-gai 
have a compression pressure of ( 
lb., and with the former compresi 
give a meal) effective pressure of 
the inaxiniuiii worlcing tapacit] 
would give a value of X in formi 
a;,ooo or not very much greater tl 
for the average engine. 

Besides the ordinary produce r-ga: 
employed forantbraciteeoal and CO 
is a combination of this with a>i 
(■cnerator b^ niediis of which biti 
coal nia\ be employed for gas engi 
manner similar to the aforemi 
fuels Soft LOil maj be made inti 
lire producer system but the large 
'on of tarry matter whicli is giN 
tfte process, can not lie uaeiV " 
<giae. and becomes a by-p»o^ 
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couiliiiied waler-producer-gas process over- 
comes this objection, Rtid iu some localities 
wood is also used as a fuel for this process. 
The author much regrets that be has been 
unable to obtain aiitheutic (lata upon t!ie 
(iimeiisions required for a gas engine em- 
ploying this gas. 

Automobile Engines. — la addition to 
the discussion in Chapter XIII, the follow- 
ing memoranda may prove of value. The 
gasoline tricycle is usually fitted with a l J^ 
horsepower motor for ordinary grade a, while 
for hill clinibingaX horsepower is generally 
employed. For single seated carriages for 
two persona six and eight horsepower seem 
to he the sizes of engines most iu use. Drays 
are equipped with engines of twenty-five 
horsepower and upward. Engines having 
a water jacket are usually given a greater 
depth of jacket than is used for stationary 
engines. The author has noted, since the 
advent of the first edition, that several 
builders are using a curved shield for di- 
recting the air through the cooling Inhe.s. 
The author does not, however,wish it to be 
inferred that this was necessarily the out- 
come of his suggestion. 

The greatest trouble the automobile 
operator seems to have with a gasoline 
vehicle is with the ignition. cvc'^wAh., "t"as.^»^ 
are continually giving ttooNiV:, ■*'cA^**' * 



writer upon the subject has aptly remarked, 
" The troubles can nearly always be traced 
to poor electrical engineering." The au- 
thor advises that, instead of using ordinary 
annunciator wire, as he has seen on several 
automobiles, at least No. 14 wire with the 
best weatherproof insulation be employed. 
The added cost is very small and the ad- 
vantages gained in reducing the liability to 
breakages and bared insulation, will be 
worth many times the difference in cost. 
Every joint should be soldered when it is 
practical to do so, and all binding posts 
should be supplied with lock nuts, as the 
constant vibration of the vehicle has a 
tendency to loosen the connections. 
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Coal, for gas producer 18 

Condenser, use of 63 

Connecting-rod 151 

Connecting-rod, formulas for 152 

Connecting-rod, proportions of 150 

Contact points, destruction of 63 

Cooling tanks, evaporation in* per I. H. P 177 

Cooling tanks, size of 177 

Crank-pin, formula for 154 

Crankshafts 153 

Crankshafts, formulas for 153, 154 

Crankshaft, proportions of 155 
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Energy, storage of 161 
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Ignttef , adjustment of 8C 

Igniter, match 100 

Igniter, setting of ... 28 

Igniters M 

Ignition, methods of 54 

Ignition, premature 37 

Ignition tubes 31 

Indicators 181 

Jacket water, flow of 177 

Jacket water, heat absorbed by 197 

Jacket water, management of 8*2 

Jacket water, measurement of 185 

Jacket water, range of temperature in 194 

Jets 44, 46, 59 

Jump-spark 67 

Kerosene engines, vaporizer for 50 

Leaks, remedies for 39 

Make-aud-break igniter 65, 67 

Manometer 182 

Marine engine, formula for size of 178 

Mean effective pressure, determination of .... 199 

Meter for testing 181 

Muffler, formula for 177 

Nash engine 6 

Otto cycle 2 

Oil, crank-case 29 

Oil, cylinder 29 

Oil, lubricating 28 

Pipe, table of gas and water 208 

Piston, care of 83 

Piston-pin, formula for 151 

Piston, proj>ortions of 148 

Piston rings 147 

Piston-rods in gas engines 146 

Piston, trunk 147 

Planimoter, use of 109 

Ponnding, cause of 89 

Power, lo88 of "^ 



^^^ 


1 


■ 




PiO« 


1 Preanure, cuemoienla lot rtaiiollon ol . 








. . .ISl 
















Bm!e,tBaMnBap]iiltDrni 




. .JSl 






































































Table o( areas and cirouraterentes ot c 

Table of gai and water pipe 

ruble ot beat TaluM 

Tanks, Mble o( capacity ot oyliudrkvl 


rel« 


. .an 




. .Me 


aiBdMii.ui 1 




-;S ! 
















TeBt.miBiber.i(rnoalna 




. .I8S 













Val-ns, »rt»ngeinent ot 

Valveboies, BMinptoof- ■ ■ - 

V«lT«.l»ksJn 

Valie medunlfims 

V*lTPi proportioM ot . . . - - 

ViJi-M, size ot 

V«lve-8trai«.r»reDf 
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Waler, funnul» l™ weight of . . 
\V»icr-i»ctel, deport in . . - - 
Wiler.mcauareiaentot jacket . 

WsiM pipe, table of 
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fnr cycles mid automobiles. Ligllt- 
est and oheupeat made in tbe world. 
Everyjmrt interthaDgeable. Vilira- 
tii>iilc.>»< and aoideleie. 

:t H. P., single, weighted lbs. 

3 H. P., double, weight M llis. 

Crest iVlanuractiirtng Co., 
Cambrldgeport, Mass. 

•r.-st Iridestnirlil.lf 
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Mica Insulating Bushings 

For Insulating Electric Igniters. 



millwn Street. 



Columbia Dry Cells 

never miss fire. J* A fat, hot 
spark every time, j^ Jf- j^ J^ 




Sio Acids 
to Handle. 



cKo Slopping 
Solutions. 



S>}n't Freeze. 

jt J* 

Write far 
Particulars 
and Prices. 



National Carbon Co,^ 

CleveVand, Cftoio. 
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The Twentieth Century 
6as Apparatus ^>H"'sgcents^ 



Automatic. No attendant 
required. Absolutely sate, 
unlimited quantities for 
light, heat or power. . . . 



C. /V\. K e m p M f g Co 

eulllord Boulevard. BALTimORE. MD. 




Gasoline and.,, 
...Gas Motors. 



miule tor tbeir ral 
bartieiiou'iir. Compli 
rnotoni. uietiugB e, 
parts. Our bicycle n 
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"Wr^ t^^"*^ to manufacture not onlr ibe iB^VH 
W but tlie best designed Lathe oSeied to tha | 
public, equipped wltb features tliat enable tbe 
operator to obtain any tbiead required ot any 
feed required wltbout removlne a gear. 




Ufa UsB No Interchangaablo Gears. 

We double the speed of our lead sorew. In 
some cases four times and In some cases five 
times, and exhaust the train of genra each time 
the speed of lead screw la doubled, thus Dbtaln- 
Inc from forty-four to flfty-fivB chanses, accord- 
ing to size of Lathe, and the operation Is as 
simple a matter as reading the alphabet. 

Our Lathes have a number of patented fea- 
tures and several more patents are pending. 

The stmpltclty ol thla tool, combined vlth 
Its massive proportions and Its general accu- 
racy and good worlcmanshEp, make It probably 
the most desirable machine for the buyer thai 
li offered. We shall be pleased to give Intend- 
ing purohaeers further Ir ' 
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ne lodge &. &Mf\tt teta Tool Co., 

CIMOISHfctl, 0.,M-^ k.. 
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DATPISJTQ SMureil In the ^'aUed 




1o noveUr und validity. t.ii;e«llon o^nauclwl 
in the Courts and P.lent Offlee. Trade Marks 
registered. Mcmbeia oi the bar of tbe Umted 
Slatea Supreme Court and varlDiii Circuit Couru. 

BALDWIN, DAVIDSON & WIOHT. 

'' WAVHINo"bN.D. C. '■*' 'nEw'^'oRK 








Gii-sorlaoBiMl'i 

THEM TO RON EASV«ND INCnEBSE POW- 
FORVOUnOROER ONLY IF VOU aET RC- 

CLINGSURFACE MFG. CO., 

BrLioctaE.. 146-1G2 Vlrgtflla St., BUFFALO. N. Y 
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Tortifln CorrtipoiideiK*. «• *"" i-^ 

_— ^ n,«J^ .^^E^. 

minis with a wtll-kngwn ctLpeit In Europe lo ktrp 

icroii Ih. Allanllc, 

Indiutiial Tiemt. th" '"■'""'i'l """"'''= 
Jiuiemobilt news. This «iumn g,v« «- 

laqUlrltS. ^ht inquiry «lu^t, is .t ,l.e 
■ = «rviti of our subKribrn, and is 

AU qucnioiu are iiuwrred carefully and in full. 

The gu engine Is, WIUiouI a shadow of douW, ihe 
power />r riallaict of the Twentieth Cenluiy. 

welye bsua. Stnd Iw . «t«V* ««■) ^ "^'^ 
CAS ENGINE PUBUSHWCl CO-.C.™**"^^^'^ 
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